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The Transept. 



As the visiter approaches the Transept entrance to the 
Qreat Exhibition Building attention is natursJly attracted 
towards the novel character of two long gilded indez-hands 
moving across a semicircle^ divided by the radii of the 
framing, on which are marked the 12 hours. Being accus^ 
tomed to the circular dock-feuse, this disposition of the di- 
visions to indicate the march of time at first strikes us as 
strange ; but a very brief consideration will show that th& 
hours and minutes are read off as easily from this arrange- 
ment, which was adopted to avoid any interference with the 
design of the Building, as from an ordinary dial. However^ 
those large index hands are most appropriately placed, form- 
ing, as they do, an exemplification of one of those applica- 
tions of abstract science which distinguishingly marks the 
present age. They are regulated in their movements by 
electrical force. The attraction and repulsion of induced 
magnetic power, nicely regulated by mechanical ingenuity, 
have superseded the old clock-weights, and the means are 
easy by which we may regulate the clocks of a city, making 
their movements isochronous with this horologe in front of 
the Industrial Palace. This example, and the allied appHca- 
tion of electrical power, appear as the culminating points 
of man's triumph over the great physical forces by which 
the conditions of the universe are determined : the electric 
I. B 



2 CRYSTAL FOUNTAIN. [Tranaept. 

clock, which must be descaribed with the Philosophical 
Instruments, therefore very properly marks the entrance 
to this Great Exhibitiooi of the Works of Industry of all 
Nations. 

Passing into the Building we tread upon some fine ex- 
amples of slates from Llangollen ; and entering through the 
ornamental iron gates, which are good illustrations of the 
present state of cast-iron manufacture in this country, the 
grand features of the Transept open themselves. 

The statuary disposed on either side, lending that beauty 
to the scene which art ever sheds around it, well marks 
the centre of the Building. The mere apphcation of native 
productions to the useful purposes of hfe should not be 
tiie end of our industrial labours — thought should tend 
ever towards the realization of the beautifdl; and even 
i^e form of the most oidinaiy mai»i£EU3tuie should be 
designed upon a system by which symmetry should be 
secured Thus the study of the most elevated of the 
arts, sculpture, becomes immediatd^ connected with the 
labours of the forge, of the smith, or the productions of the 
-^rheel of the potter. 

The busineiss of the Handbook is not^ however, with, 
these developments of the ideal: designed to be purely 
instructive, objects of taste are kfb to speak their omt 
language — ^to be their own iiiterpreters. 
• The Crystal Fountain (90) of the Messrs. F. and C. Osier 
Is manufectured of the purest flint-glass, which is tech* 
nical^y called ^ciystaJ," from its pellucid and brilliant cha- 
racter. It possesses a very high refracting power, impartecl 
to it by the oxide of lead which enters into its compo- 
sition ; hence the fine play of prismatic colours which saie 
observable at some angles. There ere points about the 
manufecture of thi« fountain which are curious. The 
framing of the whole is metallic ; the weight of the gkas 
nearly four tons, Requiring supports of iron— 4ihcae are^ 
however, silvered on their outer surfeoe. The glass, pre- 
viously to its being placed in its position, has been moei 
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cBrefoHy cut, and to nearlj the whole of it the prismatic 
{can has been giyen : the object of this being to secure a 
total reflection of all the light which falls upon the surface. 
Bj tids means the base of every prism becoming a reflect- 
ing sur&ce, great brilliancy is obtained, and the metal sup- 
po(rts are entirely hidden, llxe fountain is 24 feet high ; 
and the leaf-like portions of it are stated to be some of 
the largest masses of flint^lass ever manu^EMstured in one 
piece. The principal dish is upwards of 8 feet diameter 
and weighed before cutting nearly a ton. The shells 
weighed 60 lbs. each previously to their being cut. 

Tke Modd of HM. /8%tjp Queen should be inspected, as it 
exhiHts all the peculiarities of one of the finest examples 
of our Naval Architecture, she being one of our first-rate 
men-of-war, carrying 116 guns. 

A little north of "tiie ^ass foimtain is another, associated 
with aa example of the Hydraultc Bam (462:) In this 
machine, the momenttmi of a stream of water through 
a long pipe is employed for raising a small quantity to a 
considerable height. The passage of the pipe being stopped 
by a valve, which is raised by the stream as soon as its 
mo^n becomes sufficiently rapid, the whole column of 
fluid must necessarily concentrate its action almost instan- 
taaieouBly on the valve, and in this manner it loses its cha- 
meteristie property of hydraulic pressure, and acts as if 
it were a single solid ; so that, supposing the pipe to be per- 
fectly elastic and inextensible, the impulse must overcome 
any pressore, however great, that might be opposed to it, 
and if the valve open into a pipe leading to an air-vessel, a 
certain quantity of the water will be forced in, so as to 
condense the air more or less rapidly, to a degree that may 
be required for raising a portion of the water contained in 
it to any given height. Mr. Whitehurst appears to have 
been the first that employed this method. It was after- 
wards much improved by Mr. Boulton ; and the same ma- 
chine has lately attracted much attention in France, under 
t&e denomination of the Hydraulic ram of MontgoMer. 

b2 
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The CaM'iron Fountain and the Park Gates, on the- 
north side of the Transept, should be inspected as exam* 
pies of improvements in metal castings. Each of the four 
gates was cast in one piece. In noticing the other wori» of 
this, the Coalbrook-Klale Company, the peculiar conditions 
required to produce a fine iron casting will be described. 
These, and the figures of the " Eagle-slayer" and " Andro- 
meda^" are also illustrations of bronzing iron. This is 
effected in various ways : in some it is nothing more than a 
paint ; in others bronzing is produced by a chemical appli- 
cation to the surface of the metal The chloride of pla- 
tinum produces a very fine colour upon the surface of iron ; 
but a compound solution of the sulphate of copper and 
muriate of iron is more conunonly employed, the pla- 
tinum salt being very expensive. 

Ward's Cases of Exotic Ferns, ff^,, are in this section. 
The general impression is, that these are air-tight, and 
hence that the delicate ferns of the tropics are preserved 
healthfully in the dense atmosphere of cities by the 
entire exclusion of the impure air. This is a misconcep- 
tion ; none of Ward's cases are air-tight. The object is to 
prevent rapid evaporation from the plant, which requires 
a humid atmosphere for its existence, to protect the 
leaves from the obstructions occasioned by the lodging of 
particles of solid carbon on them, and to allow the air 
within to change slowly by the operation of the vital forces 
of the plants themselves. By securing the plants in this 
manner from any sudden transitions of temperature, these 
cases are used with much success for transporting tro- 
pical plants to colder climates. 

For an account of the terra-cotta manufacture, the en- 
caustic and other tiles, examples of which are found on 
the north side of the Transept, refer to the description 
given under these headings in Class 25. 

Eetuming to the Glass Foimtain, our progress should be 
westward, that division of the Building being devoted to 
the United Kingdom and our Colonies. Numerous beau^ 
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iifiil examples of art and maiiu£a.cture occur along the centre 
of the Main Avenue. Many of these will be described in 
connection with the classes to which they belong ; but 
there are a few which may be more appropriately dealt 
irath aa we pass onward through the centre of the Nave. 

WiasT Main Avenue. 

In KeitVs SUk Trophy (1), to be noticed in connection 
with British silk manufacture, are several fine illustra- 
tions of British Plate-glass (408). In the Console Table and 
Glass (386) occurs another, and at the western end is fixed 
the largest plate ever made ; it therefore appears important 
that some notice of their manufecture should be given in 
this place. 

The composition of plate-glass varies considerably, some 
manufacturers introducing materials which are not to be 
found in the glass obtained from other works. The general 
composition is stated to be the following : — 

Fine white sand .... 300 pounds. 

Soda 200 „ 

Lime 30 „ 

Oxide of manganese ... 32 ounces. 

Oxide of cobalt .... 3 , , 

Fragments of glass . . . 300 pounds. 

The well-known property of borax, as a powerful flux, 
has occasioned the suggestion that by its means glass made 
wiiih potash might be caused to flow in fusion as freely 
as that wherein soda is employed. 

Great care is required in mixing the materials ; much 
motBf indeed, than is necessary with other kinds of glass. 
The sand, lime, soda, and manganese, being properly inter- 
nungledy are sometimes fritted in small fvimaces, wherein 
the temperature is gradually raised to a full red, or even 
to a white heat, at which point it is maintained, and the 
materials ore carefully stirred imtil vapour is no longer 
^ven off, and no further change is undergone by the ma- 
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teriaJs. This process of firitting lasts about six hours, and 
i0^n it is nearly completed, the remaiziing port of the 
ingredients, consisting of the cobalt and broken glass, is 
added. The latter, having already been perfectly Txtrified, 
does not, consequently, require any lengthened exposure to 
the fire. Fritting is now, in many manufactories, omitted, 
the material being placed at once in the large pots, small 
quantities at a time. 

From the time of filling the pots nearly forty hours' 
exposure to strong heat is necessary before the materials 
are properly vitrified and in a fit state for casting. When 
the melted glass in the cuvette is found to be in the exact 
state that experience has pointed out as being most favour- 
able for its flowing readily and equably, this vessel is with- 
drawn from the furnace by means of a crane, and is placed 
upon a low carriage, in order to its removal to the casting 
table, which, as it is previously placed contiguous to the an- 
nealing oven that is to be filled, may therefore be at a con- 
siderable distance from the melting furnace. Measures are 
then taken for cleaning the exterior of the crucible, and 
for carefully removing with a broad copper sabre any scum 
that may have formed upon the surface of the glass, as the 
mixture of any of these foreign matters would infedlibly 
spoil the beauty of the plate. These done, the cuvette is 
wound up to a sufficient height by a crane, and then, by 
means of another simple pieoe of mechanism, is swung over 
the upper end of the casting table, and being thrown into 
an inclined position, a torrent of melted glass is suddenly 
poured out on the surface of the table, which must pre- 
viously have been heated and wiped perfectly clean. 

The glass is prevented from running off the sides of the 
table by ribs of metal, one of which is placed alcwig the 
whole length of each side, their depth being the exact 
measure which it is desired to give to the thickness of the 
glass. A similar rib, attached to a cross piece, is tem- 
porarily held during the casting at the lower end of the 
table. When the whole contents of the crucible have been 



ddiyeced, a large hollow oo^er cylinder^ which has been 
made perfectly true and smooth in a turning lathe, an4 
which extends entirely across the table, resting on the side 
ribs, is set in motion, and the glass, during its progress, 
is spread out into a sheet of xmiform breadth and thick- 
ness. Its length depends upon the quantity of melted 
glass contained in the cuvette : should this be more than 
is needed for the formation of a plate having the full di- 
mensions of the table, the metal rib is removed from its 
lower part, and the surplus glass is received in a vessel 
-oi water placed under the estrone end for that purpose. 
The plates have then to undei^o all the operations of 
sqoaring, grinding, polishing and silvering, in order to fit 
them for 8al& 

For the purpose of securing good colour, the oxide of 
BisuDgwQese is introduced* The deject of this is to pei>* 
oxidise all extraneous matters ; if, however, this is used 
too largely, it imparts a pink colour to the glass, which 
goes on in<a*easing under the influence of hght. In some 
instances lead is employed, and if this is in excess, the re** 
suit is a yellow colour, which is no less objectionable. 

The operation of ^^ silvering *' plate-glass is one requuv 
ing considerable skill and attention. The process, in all: its 
principal points, may be briefly stated as foUows: — A 
sheet of tinfoil being spread out upon an iron or ston^ 
table, around which a ledge runs, is covered with merci^ 
^quicksilver). This fluid metal combines with the tin, 
fonning an amaJpm, one portion of which remains fluids 
whilst ihB other is solid. The surface being very carefully 
, Cleaned, until a most perfect reflecting sheet is obtained, 
ihe glass also, cleaned most perfectly, is placed upon i%^ 
j^ressed down by heavy weights, and kept in this positiooi 
for some time. The fluid amalgam,, is forced out by the 
pressure apphed, and the sohd pottion, adhering to the 
glass, furnishes the reflecting surface. 

Up to the period of the removal of the restrictive dur 
ti€» and Excise, supeorvisijon, we are enabled to state with 
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accuracy the quantity of plate-glass retained for home 
consumption — 

In 1842 it was 18,396 cwt 

1843 „ 17,047 „ 

1844 „ 24,405 „ 

We then imported about 1,000 cwt., or 3,000 feet^ aa- 
liuaily, principally from France ; but the quantity at pre- 
Bent used is considerably above these, and the Engliisdi 
plate-glass being now even preferred to the French, we 
export it in large quantitieB. 

Canadian Trophy, — ^The logs and planks of Canadian tim- 
ber, of which this fine pile is built, are well worthy of atten- 
tion. One of the pieces is a poHshed slab of black walnut, 
taken from a tree which measured 37 feet in circumference 
close to the ground, and 28 feet at three feet above the ground. 
It rose to the height of 61 feet without branching, and 
yielded 23 logs and 10,000 feet of timber. This kind of 
walnut is the Jtiglans nigra : its fruit is much inferior to 
the European walnut; its wood is of a purplish-brown 
colour, becoming black with age, and is valuable for fiimi- 
ture-making. Along with it is the wood of the curled and 
birds-eye maple ; one of the pieces of the latter in the form 
of a fine veneer. Both these woods are the produce of the 
sugar-maple (Acer saccharinum), of which the most beau- 
tifully-marked peces are taken from sections made at the 
crutches or junctions of branches with the trunk. Thus the 
same tree may furnish birds-eye maple, curled-wood, and 
wood of no remarkable ornamental quality. The butter- 
nut wood is from the Juglans cinerea, a species of walnut 
of less size, and producing a lighter-coloured wood than 
the black wahiut. The specimens of birch and ash are 
from trees nearly alHed to, but not specifically identical 
with, the birches and ashes of the old world. The trophy 
is crowned with a canoe from Nova Scotia. These canoes 
are made of the outer bark of the paper birch {BetvUa 
papyracea\ a large tree whose range is through the wooded 
districts of the northern parts of North America. They 
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are cooatnicted by the Indians with surprising rapidity. 
The bark is sewn together with thongs from the hide of 
the moose-deer. 

At the east end of the pile are two cross sections of a 
gigantic blue gum-tree {Eucalyptus glohulosa) from Van 
Piemen's Land, the diameter of the largest, cut about 
four feet from the ground, is 3 feet ; that of the smallest, 
cut below the first hmb, 135 feet high, is 1 foot 6 inches. 

In front of it is a portion of the trunk of -an enormous 
petrified tree, also from Van Diemen's Land. It is com- 
pletely converted into silex, yet so perfectly are the original 
tissues replaced by the mineral that, under the micro- 
scope, they display the minutest organic structure. 
These trunks are found embedded vertically in vesicular 
lava^ and were overwhelmed by igneous matter during an 
imcient volcanic eruption. Dr. Joseph Hooker, who visited 
them in »itu, has shown them to be plants of the pino 
tribe, and to belong to the genus Araricariay but in aU 
probabihty to be species now extinct. Interesting accounts 
of the places where they are found are contained in the 
"Physical Description of Australia," by Count Straelecki, 
and in Sir James Boss's " Voyage to the Southern Seas." 

LowBT Jawbone of Sperm Whale, — ^At the west end of the 
pile is a fine specimen of the lower jaw of a sperm whale 
{Catodoa macrocephalus ?), from the seas around Van Die- 
men's Land. The upper jaw of this animal is toothless, 
and the conical teeth of the lower jaw fit into cavities 
in the edge of the upper one. The teeth are ivory. This 
whale, so valuable for the sperm oil and spermaceti which 
it yields, grows to 60 and 70 feet in length. 

Beatoration of the Monument of PhUippa of Eainault, in 
Westminster Abbey (60). — As an example of carving in 
English alabaster this is deserving of attention, as being 
an unusually fine mass. It was procured in Derbyshire, 
and has been very successfully chiselled by the exhibitor. 
Alabaster is a sulphate of lime ; the finest quality is foimd 
in the neighbourhood of Volterra, in Tuscany, at which 

B 3 
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place and at Florence it is cut into a variety of wprks of 
great beauty and taste. In England alabaster is found in 
Derbyshire and StaflPordshire ; and in these countries it is 
worked into small ornaments and toys. 

The Furheck Marbk TaUet (61), Cam 8t<me Cross (79), and 
the Cdumns cf Madrepore MarUe (158), are fine exemplifica- 
ticms of the &oilities afforded to the artist by these mate> 
rials. These stones will be more particularly described 
under Mineral Manu&ctures. 

Machine Carvings (80). — ^The screen, and the various 
specimens of carving appended to it, are the result of a 
machine invented by Mr. Thomas Jordan, and known 
as Jordan's Flatent. The great advantages of the machine 
are, that an exact &o-simile of the original is produced, 
with any extent of under-cutting, and that several co|»es 
can be produced by one operation. It is difficult to de- 
scribe without the aid of drawings the principles upon 
which this depends ; but the following description by the 
inventor, communicated to the Society of Arts, appears 
sufficiently clear and explicit to convey a tolerable idea of 
this ingenious invention, which has been for some time in 
active operation. 

The machine consists of two parts, each having its own 
pecuhar movement quite independent of the other, but 
each capable of acting simtdtaneously and in unison with 
the other. The first, or horizontal part> is the bed-pkie 
and floating table, on which the work and the pattern mne 
fixed, and all the motions of which are horizontal The 
second, or vertical part, is that which carries the tracing 
and cutting tools, the only motion of which, except the 
revolution of the cutters, is vertical Let us now suppose 
that wo have an horisontal table, capable of moving about 
in every possible manner in its own plane, and that we 
have a point over that table capable of moving in a verti- 
cal line only. If the point remains fixed, and in contact 
with the table while moving over various curves and rigkt 
lines, linea corresponding with these movements will b^ 
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described on the table, in the same manner as thej would 
have been had the table been fixed and the point moved ; 
biit 2^ while these horizontal movements are going on, we 
add the vertical movement of the point, we then trace a 
solid figure, which has for its plane the outline described 
by the horizontal motion of the table, and for its elevation 
the outline described by the vertical motion of the point* 
This may be better illustrated by taking any simple solid 
form, and moving it horizontaUy, while it is traced by a 
point moving vertically. 

TJie Slab of Bmduras Mahogany (135) is remarkable as an 
illustration of the enormous size to which the mahogany- 
tree grows. This tree is of rapid growth, and its tnmk 
commonly attains to a diameter of Jfour feet. Mahogany- 
cutting constitutes a principal occupation of the British 
settlers in Honduraigi. Gangs of negroes, consisting of from 
ten to fifty each, are employed in this work — one of their 
number being styled the huntsman, and his duty is to tra- 
\Brse the woods in search of the trees. When these have 
been discovered, a stage is erected against each so high 
tiiat the tree may be cut down at about twelve feet fipom 
the ground. After the branches are lopped, the task com- 
mences of conveying the logs to the water-side, which is 
often a work of considerable difBlculty. They then float 
down the current singly, till they are stopped by cables 
which are purposely stretched across the river at some 
^iistance below. Here the different gangs select their own 
logs, and form them into separate rafts, preparatory to 
their final destination. In some instances, the profits of 
this business have been very great, and a single tree has 
sometimes been known to have produced 1,000^ Maho- 
gany is said to have been introduced into Britain about 
ihe year 1724. 

The Chemical Collection in the Nave is of much interest, 
as exhibiting the results of crystallization on a large scale. 
Amidst the masses of spermaceti, alum, and sulphate of 
copper, exhibited in this group, will be found some beau- 
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tiful examples of crystalline form ; such, indeed, as could 
:not be obtained except where the operations have been 
carried on upon the gigantic scale of the chemical works of 
the exhibitors, Messrs. Pattinson, Hatmel and Ellis, Afiller 
and Sons, and Maberley. As these preparatioim fdrm a 
feature in the Chemical Section, the notice of their manu* 
facture is reserved for that part. 

Patent Fressmv Filter and Fountain, — The Building 
being supplied with water from the main, and thus -a high 
pressure easily attainable, the advantages of this filter are 
sufficiently shown. It consists of a hollow sphere of sand- 
stone, which is placed in another sphere of iron : this iron 
ball is connected with the main, and the water is by the 
pressure forced into the interior of the sandstone sphere^ 
being filtered in its passage through the interstices of the 
stone. Connected with the interior sphere is a pipe 
through which the filtered water flows out. The water 
^Detween the two spheres, as it gets foul by the accumu* 
lation of impurities, is drawn off by another orifice, and 
thus the sandstone is cleaned as often as may be requisite. 

Passing over for the present any description of the 
beautiful examples of manufacture from the papier mach^ 
capital to the Colebrook-dale rustic dome, all of which 
will be noticed in the proper place, the lighthouse arrange* 
ments claim attention. 

Oatadioptric Apparatus for Lighthouses (167). — Catoptrics 
relates to the reflexion of light from plane or curved sur- 
faces, and Dioptrics to the refraction of light in passing 
through lenses or other transparent media. 

" There can be little doubt," says Mr. Alan Stevenson, 
in his treatise on Lighthouses, " that down to a very late 
period the only mode of illumination adopted in light* 
houses, even in the most civilized nations in Europe, was 
the combustion of wood or coal in chauffei's on the top of 
high towers or hills." 

So lately as 1816 the Isle of May light, in the Fritli of 
Forth, was of this rude description, and had been a coal 
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fire for 181 years. For about 40 years after its erection by 
the great engineer John Smeaton, the JSddystone showed no 
better light than a few miserable tallow candles. 

So lately as 1801, the light at Harwich, in addition to the 
coal fire, had aflat plate ofrcmgh brass on the kmdvxird side^ 
to serve as a reflector. Such methods were most imperfect 
in every respect. 

In ^nt times, improvements have rapidly succeeded 
each other. First, the sources cf light were nearly perfected 
by the adoption of Argand's oil lamps. Next, the true prin^ 
<$iples of reflecting, or catoptric Hghts, were appUed to Ar- 
gand's lamps. By this natural but important combination 
-very efficient sea-lights were put into many lighthouses.. 
The progress was by gigantic strides, under the guidance- 
of Fresnel, and Robert Stevenson of Edinburgh. 

The oil, the wicks, the lamps, the reflectors, successively 
received the attention of men of skill and science, with the^ 
best results in the efficiency and economy of the lights. 

Some idea of the perfection to which the shaping and 
polishing of parabolic reflectors have been brought, may be 
formed from the parabohc reflector exhibited by W. C3. 
Wilkins of Long Acre. 

The arrangement of lights on the catoptric system has 
been even recently improved, as we shall have another op- 
portunity of describing ; but the dioptric and catadioptric 
systems of preventing loss of light, for directing the greatest 
possible amount of Hght towards the horizon, have for 
some years been adopted for the more important sea-Ughts 
of great maritime nations. 

The two great lighthouses exhibited are examples of 
these improved. They are termed of the '^ first order y^ 
that is to say, they are of the largest dimensions employed 
in lighthouses. 

The object to be obtained by the use of lenses in a light- 
house is the same as that obtained by the use of reflectors. 
Each apparatus eflects the same result by diflerent means, 
collecting the rays which diverge from a point, called 
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the focus, and projecting them forward in a beam, the 
axis of which coincides with the produced axis of the 
instrument. 

In the case of reflection, this result is obtained by the 
light being thrown hack ftova a surface formed into a para- 
bolic shape, whidh causes all the rays to proceed in one 
and the same direction. In the case of refraction, on the 
other hand, the rays pass through the refracting medium, 
and are hent or refracted from their natural course into 
that desired. 

The names of Buffon, Oondorcet, and Brewster are con* 
spicuous in the history of the dioptric system ; but to 
Auguste Fresnel is due the merit of having first con- 
structed this apparatus on true principles, and of finally 
applying it to the practical purposes of a hghthouse. 

The Dutch were th« first to follow the French, and the 
Korthem Lights Conmiissioners were the next^ and then 
the Trinity House, and now all maritime nations are 
adopting this important improvement. 

The manu&Lcture of such masses of pure glass as are 
required is a matter of great difficulty. The difficulties 
are of two kinds—first, to get the glass free from HrioB or 
flaws, and, secondly, to get a colourless glass, The facihties 
for making crown-glass free from stri» determined Fresnel 
in the adoption of the material of the lenses of his first 
dioptric apparatus, notwithstanding the greenish colour 
which it invariably has, and which is very marked when 
the light passes through a great thickness, as happens 
when we see the the lenses of these apparatus sideways. 

In both the arrangements exhibited, crown-glass has 
been employed. 

The catadioptric part of the apparatus — ^the combina- 
tion of reflection and refraction — is in the upper part or 
dome of the apparatus. This important improvement is 
due to Mr. Alan Stevenson of EdLaburgh. The illuminat- 
ing eflect of the Cupola of Jones is to that of the 
mirror formerly used as 140 to 87. 



Astronomical Telescope (2*54), wil^ its object-glafis of Hi 
inches diameter, with equatorial movements and other 
adjustments, well displays the magnificent kind of in« 
struments which are required for penetrating into space. 
The difScuIty of obtaining large lenses is very great. 
Under the immediate inspection of Fraunhoffer of Munich 
they were brou^t to a high degree of perfection ; but in 
this country until the present time they have not been 
satisfactorily produced. The first difficulty is that of 
obtaining glaas sufficiently free from stria* to give « weD- 
defined magnified image of a point of light ; and the second 
is that of grinding and polishing, which require the utmost 
mathematical precision. The grinding is effected by brasa 
tools of various kinds, corresponding with the required 
curvature ; and about six sizes of washed emery are em- 
ployed for grinding the lens to the true figure, which is 
called trouiing the lens, the grinding with every size emery 
being continued imtil all the marks made by the previous 
size are removed ; the polishing being completed with 
putty powder shaken uniformly over cloth and moistened 
with a little water, which is then workefi into the cloth 
with a brass convex tool. This operation is so important,, 
that it is often a task of from two to three hours to make 
up a polisher of firom eight or nine inches diameter. Mc 
Boss'si other apparatus spread around this will receive 
notice in th«r proper groups. 

Model of Britannia Bridge, — It may be stated that the 
tubes of the Britannia and Ccmway Midges are formed of 
iron plates riveted together. The whole of the riveting 
was done by hand, and 1,095,060 rivets were employed in 
each tube. 

The entire bridge, including both lines, contains nearly 
a million and a half cubic feet, or 106,000 tons of masonry, 
44,200 cubic feet, or 9,480 tons of cast iron. The two 
tubes in tlieir complete state contain 9,860 tons of wrought 
iron, 1,016 tons of cast iron, and 1(56 tons of pennanent 
way. They are composed of about 186,000 separate pieces 
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of iron, pierced by seven millions of holes, and united by 
upwards of two millions of rivets. They contain 435,700 
feet, or 83 miles of angle iron ; and their total weight is 
10,640 tons. 

This enormous mass has been raised 103 feet, where it 
rests upon its towers, the span between them being 460 
feet. When we know that the span of the centre arch of 
Southwark Bridge is but 240 feet, the enormous space 
over which this hollow iron beam is extended, is faithfully 
conveyed to the mind. 

The other models of the wrought-iron bridges over the 
Wye, at Chepstow, by Mr. Brunei, which is the first of the 
kind constructed, and of the bar-chain suspension-bridge 
at Kieff, across the river Dnieper, in Kussia, by Mr. 
Vignoles, are well deserving inspection, as illustrations of 
engineering skill 

Model of 3,000 miles of Northern England (90) very 
clearly shows the peculiar features of that section of our 
island, extending over portions of Leicestershire, Yorkshire, 
Nottinghamshire, Derbyshire, Cheshire, and Lancashire. 

Trigovwrnetrical Model of the UndercUffe, Isle of Wight 
— In this model. Captain Ibbetson has not merely shown 
the topographical features of the part of the island re- 
presented, but has also exhibited the geology of the line 
of coast. In the sections of the clifis the succession of 
strata is beautifully displayed ; various divisions of the 
lower greensand are seen capping the Wealden strata, 
which are the lowest beds exposed. The lower greensand 
is capped in turn by the gault; and then succeed the 
^pper greeiisand, the chalk marl and the chalk forming 
the highest portion of the ground modelled. As there 
■are many considerable disturbances displacing and dis- 
locating the strata within the area selected, very curious 
geological phenomena aije. exposed in a highly-instructive 
manner. The influence of the mineral character of the 
different strata in dejt^i^paining the outhne of the land is 
finely seen. 
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Limestone Model of Plymouth Breahwater. — ^This model 
conveys a good idea of this great national work. 

The Breakwater is an insulated mole, or vast heap of 
stones, stretching across the entrance to the Sound, do far 
as to leave a passage for vessels at either end, and opposing 
a barrier to the hea\7' swell rolling in from the Atlantic. 
Its length is 1,760 yards, the eastern extremity being 
about 60 fathoms to the eastward of St. Carlos's Rocks, 
and the western 300 west of the Shovel Rock. The middle 
part is continued in a straight line 1,000 yards, aud the 
two extremities incline towards the northern side of the 
straight part in an angle of about 120 degrees. This great 
work was begun August 12, 1812. During its progress 
convincing proofs of its efficacy and utihty were afforded. 
The expense of erecting the Breakwater is estimated at 
1,171,100/. 

Near this is another model showing the manner in 
which the lighthouse built at one end of the Breakwater 
has been constructed. It will be seen that the granite 
blocks of which it is built are so accurately dovetailed as 
to render it impossible to move one stone without the 
whole ; in fact, the building is as secure as if it had been 
constructed from a solid rock. These models are made from 
the same limestone as is used in the Breakwater itself. 

The models, &c., which occur at the western end of the 
Nave, are in themselves sufficiently explanatory, or they 
will be noticed under the Class to which they especially 
belong. 

OtJTBIDB THE BuiU^ISTO, WeST EnD, NoRTH. 

Within this space are gathered a coflection of such 
things as could not be well placed in the Building. These 
are, however, in many respects of the utmost importance, 
and attention should be directed to some of their cha- 
racteristics. 

As the groups to which many of these things belong 
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iviU receive especial notice which must lead to their being 
named in connection with them, it wiU be unnecessary to 
do more in this place than to describe such peculiarities 
as require description on the spot. 

The AtTivospheric Becorder of DoUond appears to be one 
of these. Meteorological observations are now receiving a 
lai^ge amount of attention, and it is of the utmost import- 
ance to render all the instruments self n^gistering. £y a 
very ingenious arrangement, the barometer and thermo- 
meter are made to register every variation of temperature 
and atmospheric pressure. The diyness and moisture of 
the air are also indicated ; the material employed as the 
hygrometric agent being in this case a shp of mahogany 
cut across the grain. It may be explained, that wood, 
straw, paper, and particularly long human hair, contract 
by losing moisture as the air becomes dry, and expand, by 
absorbing it, as the atmosphere becomes charged with 
aqueous vapour— thus affording very good hygrometric 
measurers. It will be easUy understood, that, by an 
adjustment with a lever, a small change in length at 
one end may be made to indicate a large one at the 
other ; and by moving a pencil over a paper also moving, 
mark every change. An electrometer, a rain-gauge, and 
an evaporator to indicate the rate at which moisture is 
carried off from the earth's sur£EM>e, are also connected 
with this apparatus; and the direction and force of the 
wind are constantly recorded. A description and drawing 
of the Atmospheric Recorder, which are attached to the 
machine, will fully explain its construction. It should be 
remembered, that Whewell, FoUett Osier, and some others, 
have also some very ingenious arrangements for determin- 
ing many of the points in meteorology which are combined 
in this apparatus of DoUond. 

Th^ Admiralty Anchors (Exhibitors 55, 57, 58), and those 
constructed upon Rogers's patent plan, with the chain 
cables, are instructive examples of the principles upon 



whieh a miffieieat bold ia insured upon aay azMhorago 
ground to lesist the atnm exerted by a large ship heaving 
a|K)n the waters. The chief point in Bogeis's anehor, 
upon which the patentee rests his ckims, appears to be 
founded upon the wedge-Hke principle involved in their 
construction, by which a firmer hold is taken of the 
ground as the strain increases. 

Ora/nite Cdurtim and Obelisks, (Exhibitors 14^ 54, 75.) — 
These are very fine examples of this most durable stone. 
The column is firom the Cheesewring Granite Quairies, 
nearLiBkeard, which are the property of the Duke of Com- 
wall Although there exists here a very extensive area <^ 
granite of the purest quahty, it has not, until lately, been 
much worked, owing to the difficulties of transport. The 
proximity of a railroad, howerver, has now rendered this 
available, and it is worked by a Company under a lease 
from the Duchy of OomwalL It appears that 15,000 tons 
of the finest granite can be quarried annually, and the 
blocks are of unusually large size. The block from which 
the shaft of the column has been f cut, weighed, when re- 
moved &ojn the quarry, more than 400 tons ; it measured 
35 feet in length, and 4 feet 6 inches in width, containing 
5,040 feet cube. The dimensions of this specimen as 

w<^ked are — 

Pedestal. 

Ft. In. Ft. In. 

Baae « • . 4 2 square 2 2 high 

Die ... 3 4 „ 3 8 „ 

Cap ...44,, 11 ,, 

Column, 
Base . * • 3 4 square 1 4 high 

Shaft ... 2 8 „ 20 „ 
Capital ..38 ,, 1 . 4 „ 

Total Height . . 29 5 

The obelisk from Penryn, Comwall, is from the Oamseu 
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All our coal Ima reeolted from v^getaMe life. That 

carbon which we now employ as our ordinary fuel onoe 
floated in the atmosphere aa iATisible carbonic add : plants, 
resemblingy in many respects, those which now bekmg to 
the great deltas and swamps of the tropics, absorbed this 
as their natural food* Under the influence of sunlight, 
vdkich excited the vital powers of the plants, this cai^onic 
add was decomposed, the carbon was retained to form the 
woody matter of the plants and the oxygen set free for the use 
of hi^er orgamzations. The plants of the coal formatioDS, 
of which no fewer than 300 species hare been enumerated^ 
are well described by Dr. Joseph Hooker, in the 2nd voL 
of the '^Memoirs of the Geological Survey." The follow^ 
ing quotation from Dr. Hooker's memoir should be read 
at the base of the column of thick coal, as explaining in 
the most hidd manner its fonnation, while the example 
of a fossil tree from the coal measures exhibited here by 
Crutiwdl, Allies, & Oo^ (63), and the fossil coal plants 
and ironstones in CSass 1, will form satisfactory ilhistra* 
tions: — 

^' The consequence of the existence of the coed plants has 
been the formation of coal, but how this operation was 
conducted is a question stiH unsolved. The under-day or 
soil upon which the coal rests, and upon which some of 
the plants grew, seems, in general, to have suffered little 
change thereby, further than what was efiected by the 
intrusion of a vast number of roots throughout its mass. 
The shales^ on the other hand, are comfposed of inorganic 
matter, materially altered by the presence of the vegetable 
matter which ^ey contain. The iron-days again preaeoi 
a third modiflcation of this mixture of <nganic and inor- 
ganic matter, often occurring in the form of nodnles. 
These nodules seem to be the result of a peculiar action of 
vegetable matter upon water charged with soil and a salt 
of iron. The ironstone nodules of existing peat^bogs 
appearing altogether analogous to those of the mahooA* 
ferous period, whether in form or in chemical constituents; 
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Here,' then, the botanist veeogniflee in one coalnseain a 
vegetaMe detritus, under three dietinct phases, and which 
has been acted upon in eaoh hy very different causes. In 
tKe under-K)lay there are roots only : these permeate its 
mass, as those of the water-lily and other aquatic pknts 
do the silt at the bottom of still waters. The coal is the 
detritus either of those plants, whose roots are preserved 
in the imdeivclay, or of those, together with others which 
may haye grown amoogst than, or at a distance, and have 
been afterwards drifted to the same position. Above the 
coal is the third soil, bearing evidence of the action of a 
vigorous vegetation : this is the shale which has all the 
appearance of a qidet deposit from water charged with 
mineral matter, and into which broken pieces of planter 
have &lleru Here there is so dear a divisional line 
between the coal and shale, that it is siiU a disputed point 
whether the plants contained in the latter actually grew 
upon the former, or were drifted to that position in the 
fluid which deposited the mineral matter. Amongst the 
^lales are also interspersed, in many cases, ionumerabls 
stumps of SigtUa/rice similar to those whose roots occur in 
the under-cky, and which are themsdlves found attached 
to those roots in soils similar to the under-clay, but uncon- 
nected with any seam of coal These stumps are almost 
univeisaiUy erect^ are uniformly scattered over the seamsi 
and otherwise appear to have decidedly grown on the 
i»nr&ce of the coal : the shales likewise seem deposited 
between these stumps. The rarity of SigiUarice roots 
(StigmaricB} in this position is probably due to their being 
incorporated with the coal itsdf, though they sometimes 
ooeur above that miaeni], and between the layers of shale. 
The seams of ironstone, or blaok-band, are the last modifi- 
cations of soil by vegetable matter to which allusion has 
been made : when these are uniform beds, or layers, they 
may be supposed to be the deposit from water charged 
with ir<m and soil whidi has percolated throu^ the peai^ 
and, in so dding, absorbed a great deal of vegetable matter. 
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The layers of nodular ironatone are simple modificationa 
of these, and may be caused by the sedimentary particles 
contained in the fluid, which, instead of being deposited 
in a uniform stratum, are aggregated round broken bits of 
vegetable matter (as fern, leaves, stems, or cones), which 
served as nuclei." 

The principal coal-fields of Great Britain are situated 
in Northumberland, Durham, Cumberland, Yorkshire, 
Louth, Scotland, Staffordshire, Warwickshire, Somerset* 
shire, Gloucestershire, South Wales, and Flintshire. This 
last district has only been worked within the last thirty 
years, but the mines are now most productive. Of No. 34 
alone 2,000 tons per week are raised, and exported chiefly 
to foreign countries from Birkenhead. 

Cement and Concretes, and Cement Stones, (Exhibitors 
2, 3, 4, 5, 7, 10, 11, 19, 25, 27.)— Vicat's work on cements, 
translated by Captain Smyth, and the pubUcations by 
General Sir C. W. Pasley, should be consulted as aflbrding 
the most information on these subjects, to those who may 
be desirous of learning the pecuhar properties of the 
various kinds employed. 

The cements mostly used in building are composed of 
lime and sand. The hydrate of lime — ^that is, Ume which 
has been recently slacked, in which process a quantity of 
water is absorbed — ^is mixed with sihcious sand, and used 
without delay, before it has time to imbibe carbonic acid 
from the atmosphere. The lime adheres and imites the 
particles of the sand, and, by the operation of the molecular 
forces, the adhesion of the particles is constantly in- 
creasing. The examples of cement furnished by Messrs. 
Francis & Sons are united by the so-caUed ^' Roman" 
cement and the Portland cement, in the last of which, 
two bushels only of the cement are mixed with 37 bushels 
of shingle, which was fit for removal in about three weeks 
after mixtiure : the illustrations also by White & Sons, of 
the strength of cements, may be instructively examined. 
Hydraulic limes Bxe composed of carbonate of lime ; silica 



West] LIAS LDfBBSOinS^— CONCBETE. 25 

and alumina^ and the ai^gillaoeous limestones, are em- 
ployed in their preparation. Of this kind are the puzzo- 
lana from Italy, and the trcus from the Rhine. The blue 
Has HmestoneB are considered the strongest vxLter limes in 
this oountry. They are found on opposite sides of the 
Bristol Chflumel, at Watchet in Somersetshire, Aberthau 
iii ' Olamoiganshire, and Lyme Regis in Dorsetshire, and 
they are now worked largely in Worcestershire. Near 
Stratford>on-Avon a peculiar cemenitrday is found which is 
associated with the Has limestone in the manufacture of 
the has cements, llie lias limestone is sometimes mixed 
with ordinary Ume, and sometimes with Portland cement, 
according to the purposes to which it is intended to be 
appUed. Many examples of these will be found in the 
collection No. 7. 

The discovery of the use of concrete is curious. In 
excavating for one of the piers of Waterloo Bridge, 
the workmen had a good deal of difficulty, owing to the 
very compact state of the gravel forming the bed of the 
river, which everywhere else they had found perfectly 
loose. This effect had been produced by the accidental 
sinking of a barge-load of lime over that spot some time 
before, which had cemented the loose gravel into a solid 
mass, resembling the calcareous conglomerates of nature, 
which are gradually formed by a similar process. Mr. 
Rennie having mentioned this circumstance to Sir Robert 
(then Mr.) Smirke, the latter with great judgment availed 
himself of the hint, and subsequently used it in all his 
foundations, none of which have ever been known to faiL 
Part of the Penitentiary at Millbank, begun by another 
architect in a different manner, before Sir Robert Smirke 
was employed there, was evidently giving way. The superior 
efficiency of concrete was also proved in a remarkable 
manner at the new Custom-house, where the floor of the 
large apartment) called the Long Room, actually fell in, and 
the whole building was in danger, owing to the insufficient 
I. 
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manner in which the piling had been originaUj executed 
in a very difficult situation. At this period, Sir Bobert 
Smirke was consulted, who found it necessary to pull 
down a small part of the building, but sayed tiie rest of 
it by undersetting all the waDs with concrete, to the 
average width of 12 feet, and to the depth of from 12 to 15 
feet — that is, until he found a natural bed of gravel, in- 
cluding one course of Yorkshire landing stones, and twelve 
courses of bricks laid in cement, having three offsets or 
footings between the Yorkshire landings, restmg on the 
concrete and the base of the original walls. No otiber ex- 
pedient could possibly have saved this fine edifice from 
entire demolition. It must be aUowed, that not only the 
ancient Romans, and afber them the Moors, but even the 
Korman barons of England in their feudal castles used 
concrete, of which Kendal Castle is one of the most 
striking examples ; and more recently, Behdor in hia 
" Architecture Hydrauhque," treats of Beton mortar, whidr 
is much the same; so that is not absolutely new. In &ct, 
according to the old proverb, there is scarcely anything 
new under the sun ; but the merit of introducing this 
immense improvement systematically and generally into 
the modem practice of architecture, is imoubtedly due to 
Sir Robert Smirke. {Fadey.) 

Some other examples of the operations of cements will 
be found in Glass 1, and the artificial stones, encaustic, 
Parian cement, ftc. will be described in that Section. 

Gypsum (4) is a sulphate of lime ; it occurs in vaErions 
conditions, both amorphous and crystalline. It is found 
in all parts of Europe ; and when burnt it is known by 
the name of plaster of Paris ; from tiie <nrcumstance 
that large deposits of plaster exists near that city. 

Several examples of the Welsh, CSonush, Scotch, and 
Irish, and other da/^ wid flcigSf are exhibited here, to* 
gether with the various semd and grit stories which are 
employed for abrading or polishing. 
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A variety of road-atones will also be found in this de- 
partment, principally the greenstones and elvans in their 
different varieties : these have been sent from ComwaU, 
Irekndy and some other distrieto. The haixl and rough 
trappean rocks, associated with the grauwacke of Cornwall, 
form the best road material in the county. Greenstone 
has been shipped from various ports in Cornwall to Lon- 
don, and is found to answer admirably in those thorough- 
fares where the traffic is great, it is so tough and hard. 
The Elvana, well selected, form admirable road materials, 
but they ace very unequal in their character. Many 
eicamples of other rocks^ as the Cornish serpentine, Welsh 
limestones from Abesgele, aad marines from Ireland, show 
^e pecdiarities of many of oor godlogical f onsatiOns* 
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Class L— Mining, QuaHryingf, MErAiiuRGiCAL 
Operations, and Mineral Produges. 

Situation of Class. — Near the Southern Wall of the 
Building, occupying the space between the Western End and 
the Exit Door adjoining the British Sculpture Boom, Between 
Pillars R. and S. from 1 to 27. 

Position of Groups (Numbers referring to Pillars). — Crys- 
tals, Gems, Ornamental Stones ; Models of Crystals, and 
Educational Collections; Fossils, &c., 1 and 2. — Salt; 
Mineral Manures; Soils, Sand, Plumbago, to 4. — ^Potters* 
Lh^ Clftys and Cements, to 6. — Granites, Marbles, Slates, 
_^1* to 9. — ^Coal, Coke^^ Peat, to 14. — ^Iron Ores, Manufactured 
Is Iron, Models, &c., to 18.— Models of Coal Mines, Copper 
"^^ Ore, Dressing Machine, Zinced Iron, Zinc, Tin Smelting^ 
— ■"* to 21. — Copper, Tin, and Iron Ores; Models, Tools, &c., 
f is ^ to 24.— Platinum, Cobalt, Gold, Silver, Lead ; Metallur- 
^ I S o gical Processes, &c., to 26. 

f i* X Gems cmd Ornamental Stones (Exhibitors 2, 3, 4, 10, 
I Is ' 11, 16, 16, 19, 20, 22, 24, 25, 28, 31) and iheKoh-inNoar. 
' I- — ^The crystals of diamond here exhibited are instruc- 
""L tive as showing the way in which diamonds are found 
—'T mixed with siUcious pebbles, grains of gold, oxide 
— M* of iron, &c. The specimen exhibited is from the 
Duke of Buckingham's collection, and is figured in 
Mawe's ''Treatise on Diamonds and Precious Stone&" 
The models of the largest diamonds known are 
associated with this. In coimection with the more 
brilliant collections found in other parts of the 
exhibition, any historical notices will be more ap- 
propriately appended. A few remarks may, how- 
ever, be introduced on the mode of occurrence 
and the physical constitution of this beautiful gem. 
Brazil supplies Europe with the largest number 
of diamonds, the oriental diamond beds appear* 
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ing to be nearly exhausted. The diamonds of India were 
principally found in the kingdoms of Golconda and Yizia* 
pour : those of Brazil, discovered in the seventeenth cen- 
tury, and at first used as card-counters, are found in the 
district of Serro-do-Frio, in a conglomerate called cascaXkOy 
from which they are extracted by washing. Diamonds are 
always found crystallized, and they are so hard that they 
can only be abraded by rubbing one against another; 
hence the process of cutting and poUshing is effected by 
means of finer diamond powder. The weight and value of , 
diamonds are estimated in carats, one of which is equal to 
3 • 174 grains troy ; and the price of one diamond compared 
with another of equal colour, transparency, and purity, is as 
the square of the respective weights. In valuing diamonds, 
either rough or cut, the practice is to take the weights in 
<;arats, to square that weight, and then to multiply the 
product by such a rate of price as may correspond to the 
state and quality of the stone ; thus, if a natural crystal 
of diamond be clear, without flaws, and of a favourable 
shape, the price by which the square of its weight should 
be multipHed is 2^. ; so that if the stone weigh 1 carat, 
its value will be 2Z. ; if 2 carats, 2 X 2 = 4, and 4 x 2 = 8, 
or a stone of 2 carats is worth 8Z. A stone of 10 carats, 
in the same way, will give 10 X 10 = 100, and 100 X 2 = 
200?., the value of a peffect rough diamond of this weight. 
The diamond, b& Sir Isaac Newton conjectured from its 
high refracting power, is a combustible body. The re- 
searches of Lavoisier, and others, have shown that this 
gem is nothing more than pure carbon, and under the 
influence of the voltaic battery diamonds have recently 
been converted into coke. The plumbago, which is in the 
adjoining bay, and the coke but a short distance from it, 
differ only in physical condition; in chemical constitu- 
tion they are similar to the diamond. The Koh-i-Nbor 
diamond is to the east of the Transept, but it is thought 
the following account of it may be introduced in this 
place. 



The diamond denominated the Koh4-Noor, or Mountain 
(koh) of Light (noor), has long enjoyed both Indian and 
European celebrity, and has accordingly been the subjeci 
of traditionary &ble, as well as of historical record. 

According to Hindu legend, it was found in the mines ei 
the south of India in the days of the Great War, the sub^ 
ject of the heroic poem, the Mahafi^rata, and was worn 
by one of the warriors who was slam on that occasion, 
Kama, king of Anga: this would place it about lofor 
thofosand years ago, or 3001 B. c. A long interval next 
makes it the property of Vikramaditya;, the raja of Mjayin, 
56 B. c, from whom it descended to his successors, the 
rajahs of Malwa, until the principality was subverted by 
Mohamedan conquerors, into whose hands it feS, wi& 
other spoils of infinite value. 

Whatever may be thought of tbe legend which gives so 
high an antiquity to the Koh-i-Noor, we might expect some 
more trustworthy information when we come down so low 
as the beginning of the fourteenth century ; Malwa 
having been invaded and overrun by the armies of Ala-ad- 
din, the sultan of Delhi, in 1306, who, according to the 
autobiography of the sultan Baber, acquired the jeweL 
That it did become the property of the sultanas of Delhi 
is little doubtful, but when or how is matter of some un- 
certainty, although the grounds of the difficulty have not 
hitherto been investigated. 

In 1665 Mons. Jean Baptiste Tavemier, an enterprising 
and intelligent traveller, and an eminent jeweller, although 
Ecuyer, Baron d*Aubonne, visited India especially to pur- 
chase diamonds. His profession and his personal character 
seem to have recommended him to the favourable attention 
of the nobles of the court of Delhi, and bigot as he was, 
of Aurangzeb himself, by whose commands Mons. Taver- 
nier was permitted to inspect and handle and weigh the 
jewels of the imperial cabinet. Amcmgst them was one 
which far surpassed aU the rest in size and value. Taver- 
nier describes it as rose-cut, of the shape of an egg cut in 



two, of good water, and w«ighixig 316^ miiSf wMoh, he cays, 
is e^puito 280 of our carats. 

There is hot htile doubt that the diamond examined by 
TeiVBnnew, in the Delhi Cabinet^ was the Koh-i-Noor. 
Baber, the Mogul emperor, obtained a diamond, oorre- 
upaoding exactfy with this, and it passed eventually into 
ihe poesesnion of the ruling fEunily of Kabul. Nadir Shah, 
on his occvpation of Delhi in 1739, compelled Mohammed 
Shah, the great-grandson of Aurangzeb, to give up to him 
everything ci -value that the imperial treasuiy possessed, 
«ad his Hogiapher and secretary specifies a peskkash, or 
present, by Mohammed Shah to his conqueror of several 
magnifioent diamonds. According to the family askl popular 
ti«diti(»i Mohammed Shah wore the Koh-i-Noor in front of 
his turban at his interview with his conqueror, who m- 
SDBted on exchanging turbans in proof of his regard. How** 
ever this mi^t have been, we need have little doubt that 
the great diamond of Aurangzeb, was in the possession of 
Mohammed Shah at the time of the Persian invasion ; and 
if it was, it most certainly changed masters, and became, 
as is universally asserted, the property of Nadir Shah, who 
is also said to have bestowed upon it the name of £oh-i- 
Noor. After his death, the diamond which he had wrested 
from the unfortunate representative of the house of Timur, 
became the property of Ahmed Shah, the founder of the 
Abdali dynasty of Kabul, having been given to him, or 
more probably taken by hun, from Shahrikh, the young son 
of Nadir. The jewel descended to the successors of Ahmed 
Sfaahy and when Mr. Elphinstone was at Peshawur, was 
worn by 3iah Shuja on his arm. When Shah Shuja was 
driven from Kabul, he became the nominal guest and actual 
prisoner of Eunjet Sing, who spared neither importunity 
nor menace, unti!, in 1813, he compelled the fugitive mo- 
narch to resign the precious gem, presenting him on the 
occasion, it said, with a lakh and twenty-five thousand 
rupees, or about twelve thousand pounds sterling. Accord- 
ing to Shah Shuja's own account, however, he assigned to 
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him tba revenues of three villages^ not one rupee of which 
he ever realized. Runjet was highly elated by the acqui- 
sition of the diamond, and wore it as an armlet at all great 
festivals. When he was dying, an attempt was made by 
persons about him, to persuade him to make the diamond 
a present to Jagannuth, and it is said that he intimated 
assent by an inclination of his head. The treasurer, how- 
ever, whose charge it was, refused to give it up without bet- 
ter warrant, and Bunjet dying before a written order could 
be signed by him, the Koh-i-Noor was preserved for awhile 
for his successors. It was occasionally worn by Rhurreuk 
Sing and Shu Sing. After the murder of the latter, it re- 
mained in the Lahore treasury imtil the supercession of 
Dhulip Sing, and the annexation of the Punjaub by the 
British Government, when the civil authorities took pos- 
session of the Lahore treasury, under the stipulations pre- 
viously made, that all the property of the state should be 
confiscated to the East Lidia Company, in part payment 
of the debt due by the Lahore government and of the ex- 
penses of the war ; it was at the same time stipulated that 
the Koh-i-Noor should be presented to the Queen of Eng- 
land. Such is the strange history of certainly one of the 
most extraorcUnary diamonds in the world. After the 
Company became possessed of the gem, it was taken in 
charge by Lord Dalhousie, and sent by him to England in 
custody of two officers. 

Corundum, — ^Varieties of this stone, exhibiting the dif- 
ferent colours, are in this collection. This name is the 
Indian term applied by the natives to a large variety of 
those gems. The sapphire, from the ancient Greek name 
^' sappheiros,'* is the most valuable of the corundums. This 
stone is scarcely inferior in hardness to the diamond. It 
invariably occurs crystallized when found in situ ; but it is 
often discovered in the beds of rivers as rounded pebbles, 
which, when broken, exhibit a very brilliant surface. These 
gems are compounds of alumina, lime, silica, and oxide of 
iron ; and to the variations in quantity of the last sub- 
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stance, and probably to the different states in whicb it 
exists, we may attribute those conditions which are known 
as the blue and red sapphire, red oriental ruby, yellow 
topaz, and amethyst. 

An emerald of omusual size, the property of the Duke 
of Devonshire, is in this case; and against the wall are 
emeralds in the matrix, from the mine of Muso, New 
Granada : this gem is a compound of glucina, silica, and 
alumina. Other precious stones of the same general 
character are here : the beryl, topaz, garnet, precious opal, 
zircon, and spineL 

Ornoimental Stones. — ^These consist of stones of less 
value, which are extensively used in the cheaper kinds of 
jewellery, viz., rock crystal, amethyst, caJcedony, cairn- 
gorm, rose quartz, aventurine. The flints from Wilts are 
interesting from the various organic remains enclosed in 
them : these are found widely distributed through the 
chalk of England. Jaspers, bloodstone, sunstone, cats-eye, 
moonstone, sumachelli marble, rose manganese, chert, 
mochostone, malachite, amber, are in second part of 
case. 

Transparent carbonate of limey showing double refraction, 
from Iceland, with tourmalines, arragonite, &c., for optical 
purposes. The phenomena of double refraction are among 
the most curious of physical optics : they would appear to 
be due to some pecuhar molecular arrangement, by which 
the beam of light is divided in its passage through the 
crystal into two lines : a similar result can be produced by 
looking at any object through two transparent layers of 
unequal density. The tourmaline, which is a compound 
of soda^ potash, sihca, alimiina, oxide of iron, magnesia^ and 
boracic acid, has the remarkable property of altering the 
condition of a ray of light, so that it presents many novel 
physical effects : these are included under the very beau-* 
tifd class of phenomena known as the polarization of light. 

Agates. (Exhibitors 10, 22.) — ^These are some of the nu- 
merous forms under which silica (flint) presents itself in 

C 3 
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nature. An izopression commonly prevails that agates are 
tbe result of a silicification of wood We frequently fuid 
masses of petrified wood, in which the flint has replaced 
the woody particles in such a manner that they much re- 
semble the layers in the agates. These stones are, howeyer, 
GommiHily met with in the trap-rocks, particularly those 
called Amygdaloid, forming nodules. The sihcious partides 
have ofben arraiiged themselves in thin layers parallel to the 
external surface of the nodule ; sometimes it is not solid, 
but has a hollow space, which is studded with crystals of 
quartz, and sometimes with carbonate of lime. The for- 
jaaation of these nodules appears to depend upon the opera- 
tion of peculiar f ojpces acting from the sur&ce, and thus 
-^coasioning the accretion oi particles, layer afber layer. In 
all cases th^re has been a nudeus on which the layers oom- 
ae&oed ; but since the greatest mnnber and the finest 
agates are found in rocks of igneous origin, we cannot ao- 
<c^ the theory which rates their formation to the petri- 
&etion of vegetable matter. 

The Turqtboiaes, in the matrix (90) aoid masm&ctured, 

should not be passed by. They are composed of silica^ 

- ostde of copper, and oxide of iron. The ef)eciDQten8 were 

' coBected in a new locahty in Arabia Petraaa. Tbefy are very 

interesting, on aeocmnt of showii^ the maimer of ocour- 

zence of this beaatiful mineral, which is seen in these 

-examples to assume botiyoidal fonaB, and to occur also 

^•disseminated, and in ooncretioaarylayeiB, in aferruginous 

sandstone. 

'Of ihe diseovery of these turquoisefi, Ms^or Macdpusdd 
has fiKVOured us with the foHowiBg intensting statement: — 

''In the year lr84d, during my travels in Aralna in 
seardi of antiquities, I was led to ensmine a very lofty 
range of mountaiiis composed of iron •sandstone, many 
dafs' journey in the desert ; aaid whilst desoeadii:^ a 
monmtflin of abtrnt 6,000 feet high by a de^ azid jMrecipi- 
tate gorge, -vAich in the wioter-time ser«sed to earay off 
liie water, I found a bed of gm^ w^iere I perceived a 
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great numy small blue objects mixed iriih thet eOnst 
stones : on coBeoiing them^ I found they were turquoifies 
of titia finest oolour and qusdity. On contmuixig my rer 
searches through the entire range of mountams^ I dis- 
covered many valuaUe dapositis of the same stones, some 
quite pure, lUce pebbles, and others in the matrix. Some* 
times they are found in nodules varying in size firom a 
pin's head to a hazel-niit ; and when in this formatiiMa 
•they are usually of the finest quahty and colour. The 
action of the weather gradually loosens them from the 
xock, and they are rolled into the ravines, and, in the win- 
ter season, mixed up by the torrents with beds of gravo^ 
where titoy are found. Another formation is, where tb^y 
appear in veins, and sometimes of such a sise as to be of 
immense value. They also occur in a soft yellow sand- 
stone, enclosed ia the centre, and of a surpassing bnlliaaey 
of colour. Another very curious formation is where they 
are combined with innumerable small coloured quartz, 
crystals, and which has the appearanoe of a mass of sand^ 
small pebbles, and turquoise, all firmly cemented together. 
This formation is one of the most pecuhar in the whole 
oollection." 

JEducationcU CoUedum. (Exhibitors 8, 9, 14.) — ^The oolleg- 
ticms of minerals and foeedls, to illustrate the recent works 
on mineralogy, are of this class, for which purpose arrange- 
ments of this kind are eminently useful Mr. Mitchell's 
models of the primary and secondary forms of crystals aire 
well adapted to instruct in the rules which nature observes 
in producing the various groups of crystals. The gradual 
accretion of partieles which occurs in the production of 
crystalline form, seems to indicate the action of some such 
force as that of nuignetism in determining the position of 
each partide ; and, indeed, the researches of Faraday and 
Fluker appear to confirm this view. 

Dr. Leeson's exquisitely constructed glass modds of 
crystals are of a fiur higher character. They are ititended 
to iUustcate a new system of crystallography, which is 
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based upon the hypothesis that all forms may result from 
a cube as the primary. These should be very attentively 
considered by all who desire to study this veiy beautifiil 
branch of physics. 

Although not a production of the mineral kingdom, we 
find here an object of interest in the following — 

Oase (f Pearls fov/nd in the deepest part of the Hver Strides 
at the town of Omagh, Ireland. (15.) — ^These pearls are pro- 
cured from a species of fresh-water mussel, the Unio mar-* 
garitiferus, a shell not unconunon in Ireland, Scotkmd, and 
Wales, and in the mountainous districts of England. They 
are often of great beauty and considerable value, but are 
rare, since not above one mussel in a hundred contains a 
pearl, and not one pearl in a himdred is of good quality. 
One of these pearls has been found of the diameter of 
half an inch. There have been instances of individual 
Irish pearls fetching as much as forty, fifty, and more 
pounds. The pearl-mussel lives usually in rapidly flowing 
streams, and is found in Norway, Sweden, and other moun-^ 
tainous parts of Europe, as well as in Britain. 

Native Sulphur from Sicily, (23.) — ^This x)eculiar elemen- 
tary body is usuaJly found in the neighbourhood of active 
volcanos or in volcanic districts. The quantity exported 
from Sicily, and employed in this country for the formar 
tion of- oil of vitriol, which is sulphur combined with 
oxygen, is very large. At the time, however, that the king 
of Sicily sought to fix a high duty upon the sulphur of 
that island, attention was directed to oiu* own pyrites, 
or sulphur ores. The sulphuret of iron of the Cornish 
mines, and also that ofWicklow, was then extensively 
worked, and the supply of stdphur from these sources has 
continued to be large, particularly from Ireland; from 
BaUyahan alone nearly 20,000 tons have been annually 
raised. These pyritic ores are subjected to a roasting 
process, by which the sulphur is combined with oxygen 
to form the sulphur acids, or in some cases the sulphurets 
are used directly for the manufacture of sulphate of soda 
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by combining them with salt previously to the roasting 
process. 

Fhoaphoric FoshIs — Artificial Manures, J«. (Exhibitors 
35, 36, 37, 38, 41, 42, 46.)— The discovery by Professor 
Henslow of peculiar nodular concretions in the crag form- 
ations of Sussex has led to the manufEKJture of a manure 
of the most valuable character. These concretions, which 
were afterwards discovered by Mr. Paine in the greensand 
of Surrey, and the phosphoric earth, have, without doubt^ 
been derived from the extinct animals inhabiting the seas 
under which the greensand deposits were formed. These, 
the collections of guanos, and of fish manure, which is 
termed normal guanuo, will be of interest to the agri- 
culturist. 

FuUer^s Earth, (4d.)~-These deposits from Reigate scarcely 
require any description. The Grey Stone Lime {^\ 
from the same district, is also well known. The ful- 
ler's earth occurs in regular beds near the summit of a 
hill, between beds of sand containing fossil wood and 
shells of the nautilus and other sea shells. Its peculiar 
property of absorbing oil is well known. It is a compound 
of silica^ alumina, and water ; its cleansing power depending 
on the alumina. 

Bock Salt /r<m Cheshire, ^. (Exhibitors 57, 58.)— This 
native chloride of sodium is obtained in Cheshire ; and at 
Northwick, in that county, are some large works for puri- 
fying and crystaUizing this useful product. £y the evapo- 
ration of sea-water, salt, which is largely employed for 
curing £sh, is also obtained. In Class 4 farther inform- 
ation on the salt manufetcture is given. 

Minerals from Strontian, (56.) — The series of specimens 
exhibited by Sir J. M. Biddle, Bart., shows some of the 
oharacteristics of this district of Scotland Both stron- 
tian, which takes its name from the locality in which it is 
foimd, and barytes, are important agents in the pyrotechnic 
lart. Bed fire owes its colour to the mixture of the nitrate 
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of fitrontiaa with some combastible material, and green 
fire is made by combining the salts of barytes with similar 
ingredi^its. Barytes is also largely employed for giving 
body to the infSerior kinds of white lead, and the barytes 
'V^ite is itself a very pure pigment ; but it can only be 
used under certain comditioofi^ sinoe it is haUe to separata 
from the vehicle with which it may be mixed. 

FiwmhagO'-'Biack Ijectd — Pencil Manufacture, (Exhibitors 
64^ 65, ee, 67, 68.)— The Borrowdale mine, in Oiimberlanid^ 
as the only one in this country producing plumbago, or 
black lead, and that of a quality superior to almost any 
£>und in the world, requires a brief notice, from many of its 
peculiarities. It is situated nine miles from Keswi^ oa 
the steep side of a mountain, near the head of the valley of 
Borrowdale. The entrance to the mine is through a level, 
or adity which was driven into the hiU in 1798 ; but theire 
aro woikings of a nmch older date than this. In the reign 
of James I., the wad 7idU» and wad oommotdy oaUed l^ad: 
eawke, withm ike commoM and wa^es of BorrcfwdaiUy were 
granted to William Whitmore and Jonas Yerdon, tofifil 
liberty to dig, work, amd carry away the sa/me. From that 
period to the present time, the Cumberland mine has conr 
tinued to supply all the finest black lead ; but the quanti^ 
ties produced have been exceedingly variable, owing to the 
irregular occurrence of the heUiee or »ope, as the nodular 
masses are locally called In 1803 five hundred casks were 
produced from one mass, the value of the plumbago being 
dO». a pound In 1829 the proprietors obtained about 
half-drdozen casks, weighing a hundred and a quarter each ; 
and in 1833 a few casks more, which were worth 46a a 
pound. Since that period the quantity obtained has not 
been large, but annually a few thousand pounds' worth 
have been sold. As will be seen, from the specimens ex,* 
hibited, we now import plumbago from India^ Ceylon, 
Greenland, l^>ain, Bohemia, and the Americas. Some 
small quantities have lately been found in the north of 



S. S» 3.] ]?LUMBA£K>— GSAY0N8. 39 

ScotlaadL This peculiar substaaoe is f ouiul hy ^^hemical 
aiialysis to contain, usually, in every 100 grains — 

Carbon 88*37 

Silica - . 5-10 

Alumina ....... 1 * 

Oxide of iron ..... 3*6 

Water 1-23 

It will be evident from this that plumbago is only a 
form of carbon, the iron bdng an accidental mixture in 
wery vsriablB quaoititieB. 

The mannJBcfcure of pencils from natural black lead is a 
siooqplie popoceBB. Selected pieces, scraped clean, are glued 
to a boaid, in order to fix them in the position for b«ing 
cat, and they are then divided into sAkoB by a fiaie saw. 
These ahoefi are handed to a fittec^ and placed in the 
grooves of the oedar-stidbi pciq>ar^ for the purpose. 
in a amgie pencE it ofbaa hi^pens that as many as 
three or f oar pieces of phmtbago are required ; but each 
kEugth is accurately fitted, so that there are no intervals, 
and then the other piece of eedar beang glued on, the 
peueil is turned (xS, and beiag deaaad, is ready for useu 
Natural plumbago possesses diBferent decrees of hardness, 
ttad consequently varieties of colour, but it is generally 
siibyected to several operatioDS to procure the range of 
ttdvor and degrees of hardness required. Scxad^imes sul* 
phar is c(»cibined with the pkunha^, to produce the m&ve 
intense degrees of UadCBtBs* Of late years the cheaper 
kinds of bietsk4€md penaraJs haye been node without a par- 
tide of that subsioaoe, antkncaiy ha^dmg been mbstituted 
for it. 

Various processes haarefcom tkae to time be^a introh 
duoed &>r the purpose of forming artificial masses of blade 
lead. M. €onte^ in 1795, was successlul in combining 
plumbago with clay, and then calcining the mass, so as to 
|B:eduoe crayons of any shade. In France, this process 
smd a eimilaar one by M. Bumblot hff^e been ecctensivey|j 
cfD|d€(yed, and erayons of other 48olours ase also thus pi^ 



40 OOHPBEBSED PLUHBAGC-HUNSe. EP*" • 

pared. The most important improvement has been, how- 
ever, the patented prooess of Mr. Brockedon (65), which 
is as foflows : — 

Carefully-selected pieces of any siae are ground in water, 
by an arrangement of rollers, to a most impalpable powder. 
Tina occupies a considerable time. This powder is then 
passed through sieves, the meshes of which are the small- 
est that can be made, as it is of the utmost importance 
that the particles should possess perfect uniformity. This 
prepared plumbago is now made up into small packets in 
paper contrived for the purpose, with a small hole upon 
one side, on which is fitted an adhesive wafer which acts 
as a valve. This is necessary, as previously to submitting 
the pulverulent mass to pressure, it is necessary that all the 
air which occupies the spaces between the particles should 
be removed. This is done by connecting ^each packet^ by 
an elastic tube, with the exhausted receiver of a powerful 
air-pump. On opening the connection betwetti them, the 
air is entirely withdrawn, and as soon as the force is 
removed, the little valve closes by the ext^nsJ pressure 
of the atmosphere^ and the packet is fit for compression* 

The square mass of powdered plumbago is now care* 
fiilly fitted to a steel mould, into which a plug of sted 
exactly fits ; it is then subjected to the action of an enor* 
mous screw-press, from which it receives two blows giving 
a pressing equal to 5,000 tons. A sotid mass thus resulti^ 
which can be cut into any thickness by the pencilrmaker ; 
every part of each mass being of exactly the same quality, 
dose examination shows that the particles have arranged 
themselves imder the influence of the pressure in precisely 
the same manner as in the natural productions ; and if one 
of these compressed masses is broken, the firacture is 
exactly similar to that exhibited by a piece of native 
plumbago. 

Bands. (Exhibitors 70 to 80-125.)— The silicious sands 
are employed in glass manufacture. Examples are {ex- 
hibited for this purpose from Killomar and Cahir^ in 
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Ireland, and some specimens of good quality from Sutton 
county and Donegal From Reigate Heath, sand, which is 
employed to a considerable extent^ is exhibited. The 
celebrated sands of Alum Bay, near the Needles in the Isle 
of Wight, are more largely employed than any other, and 
among the Class will be found some ahnost equally valuable 
sands from the neighbourhood of Aylesbury, together with 
specimens from Wareham, and from St. Austle, in Cornwall. 
In the manufacture of flint-glass, .washed and burnt sand, 
peroxide of lead, carbonate of potash, and oxide of man- 
ganese, are employed. 

The Isle of Wight sand is silica, 99-60; iron, 0*11 ; 
magnesia, 0*13 ; lime, a trace. A sand, latdy introduced 
from the Wenham Lake (exhibited Class 24) — ^which con* 
sists of silica 99*53 ; iron, 0*03 ; magnesia, 0'04 ; lime, 
0*14 — promises to be of importance. There are some 
other districts producing sands of considerable value for 
various purposes ; but so important is sand free of iron to 
the glassmakers, that it is brought to England even from 
so remote a land as New Holland. 

Chvna-day, and other Clays* (Exhibitors 90 to 97, 100 
to 104, 106 to 129.) — ^The porcelain earth of the granitic 
ranges of western England was first used in this country 
by Mr. Cookworthy of Plymouth, in 1768, who made 
hard porcelain with it at Plymouth ; the manuflEK^ture 
being afterwards transfei:red to Bristol by Mr. Coster, and 
subsequently to Worcester. All our potteries are now 
supplied with this kaolin; the principal works being in 
the neighbourhood of St. Austle, in ComwaU, and on 
Dartmoor. This clay results from the decomposition of 
the felspar of the granite ; and to render it fit for the 
potter it is subjected to the following process. The de<- 
composed rock is broken up, and placed upon an inclined 
plane ; water falling upon it washes out and carries away 
the clay with the smaller quartzose and micaceous par- 
ticles : these are received in a '' catch-pit,'' where the 
heavier matters are all deposited, while the day suspended 
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in tiie water psases on into a second, and sometimes a thixd 
pity in which it eventnally eEubsides. When tbe tank is 
faSl, the day is allowed to become sohd ; it is then cnt 
into cubical pieces, placed imder cover to dry, and being at 
last BGcaped and cleaned, is packed in casks, and far- 
warded to the potteries. The decomixmed ohinft«tone la 
employed as a glase for china. The composition of tbe 
day is — 

Alumina • • 36*81 

Sihoa 44-25 

Lime, magnesia^ and potash • • 2' 20 

Water 12*7 

An inferior clay is much used by the papermakm and 
Gatico-bleachers. The days found at Poole, and other parts 
near the coasts of Dorsetshire and DeYonahiie, are un* 
fitted for the finer kinds of porcelain ; but they are veiy 
^xtensiYely used in the mannfitctnre of stoneware and 
common earthenware at Lambeth : 50,000 tons ase shipped 
annually from Poole, 10,000 tons being for Lambeth. It is 
dug in square lumps of about 40 lbs. eadi, and transported 
to London in coasting vessels. When received by the 
potter, these lumps are, after being perfectly dried, ground 
to a powder, mixed with water, and after being allowed. to 
remain suffident time to become of uniform consistency, 
the mass is passed through pug-nulls, and it is then fit 
for the operation of the workmen. 

The Stourbridge Clay (91) has long been celebrated, and 
is extensively employed. The ^'Glass-house Pot Clay" ia 
dug at a depUi of 20 yards from the sur£eM>e : it is found in 
beds about 4 feet thick ; but only the middle part of the 
bed makes best clay, the remainder being called '' seconds* 
and ''offal ;" three kinds of day being obtained from one 
bed. The Stourbridge day is known for standing the 
greatest heats of our furnaces ; and hence it is used for 
glass-house pots, of which there is one exhibited ; and the 
black day raised from the " Whittamoor Miues," at Stour- 
bridge, is used in the manufacture of mdting-pots for sted [ 



Bind otiier metals. These dkys are peooliar to Stoiirbridge : 
they are found on the eastern side of the town, where a 
deposit exists which is spread over a space having a dia- 
meter of abottt two miles. 

From Annery, neeec Bideford, very great quantities of 
<^ys are also produced, possesdng peculiar characters, 
which render them usefiil in the potteries. 

Cement Stones and Cements, (Exhibitors 99, 105^ 130, 
131, 177, &c.) — Attention has been aheady directed to 
these substances when examining the articles on the out^ 
side of the Building, But the collections of the cement 
stone and several works in cement, which have been 
executed at mxkdb. cost on this South Wall, make this the 
fitting place for a brief description of these composii- 
ti<»i8. 

The finer works exhibited have aU a body of plaster of 
Paris. The Parian cement differs from all others in 
halving borax — ^the borate of soda — ^in it. The plaster is 
mixed with a solution of borax, and after being again 
burnt it is re-groimd for use. Martin's cement, of which 
a large woric, introducing ThorwakLsen's groups, will be 
found opposite Pillars 21 and 22, is formed by grmding 
together gypsum (unbumt), alum, and pearl-ashes. Here 
we have a sulphate of potash and alumina acting as the 
hardening agent : to prevent any alkaline reaction a small 
quantity of muriatic acid is sometimes added. The maxt- 
L m ^eh these saits a<^ in hardening the piaster is bat 
little understood; but it is certain that an exceedingly 
small admixture of these chemical compoimds with plaster 
gives it an extraordinary degree of coherence. The libs 
cement is so caUed from the circumstance of the ]ia» lime- 
stone being burnt for the lime it contains. 

Budding and Ornamental Stcmes, (Exhibitors from 132 
to 215 generally.) — ^To give any detailed account of these 
building and ornamental stones would occupy a far Isurger 
space than can possibly be spared in the present work. 
The specimens of granite and other primary rocks are 
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numerous. The granites and slates of Devon and Corn- 
wall are well described in the Report of the Geological 
Survey of Devon and Cornwall, by Sir Henry De la Beche ; 
and their localities may be studied on the geological map 
executed by the Survey on.the opposite wall, in which the 
granitic masses are shown by the light lake colour. This 
map will serve also as a guide to nearly all the other rock 
formations here represented, and it may thus be used 
instructively in connection with the specimens exhibited. 
The oolites, freestones, and sandstones are best described 
in the Commissioners' Report on the Stones for the New 
Houses of Parliament. The applications of many of the 
stones here described will be found in Class 27, devoted to 
Mineral Manufactures. 

Peat and its Products, (Exhibitors 222, 225, 227, 228.)— The 
"turf" of Ireland and other places, formed by the growth 
and decomposition of the sphagnum, has from time to time 
attracted much attention. In the locality of the bogs it 
is largely employed for fuel, and attempts have been made 
by various methods of condensation to render it generally 
available for that purpose. Compression has been em- 
ployed for effecting its consolidation, and thus by reducing 
its bulk to such limits as would admit of easy stowage. 
One exhibitor (228) condenses peat by the following pro- 
cess : — ^The turf as dug is thrown into a large hopper, at 
the base of which are strong-toothed iron rollers ; by a 
large supply of water the peat is carried through these 
rollers, and then passed into a cylindrical sieve which 
separates the fibrous from the more finely-divided matter. 
Thia last is received in tanks, and after allowing sufficient 
time for the deposit of the fine peaty matter, the water is 
run off and the mass allowed to dry. In this way the 
spongy nature of the peat is broken up, and a firmly-co- 
herent mass is produced, of which specimens are exhi- 
bited. The other peat products are of the highest in- 
terest. By destructive distillation, acetic acid, ammonia, 
naphtha, or pyroxilic spirit, chloroform, and paraffine, with 
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tar aad other matters, are obtained. The discussion on 
the question of the production of these will now be settled 
by the publication of the Report of Sir Robert Kane to 
the Commissioner of Woods and Works, in which he 
proves the existence of all these chemical compoimds, and 
furnishes data by which the economic question may be 
determined. 

The Bituminom Shales (221) have been recently worked 
for the hydro-carbon compounds they contain. On the 
Khine a manufactory of some extent has been formed for 
the purpose of obtaming this material 

The raw material, the commercial name of which is 
"Bituminous shale," sometimes called "Kimmeridge coal," 
or " clay," is obtained from the cliffs at Kimmeridge, in the 
Isle of Purbeok, in the county of Dorset, and was begun 
to be quarried in August, 1849. 

It is a composition of animal and vegetable remains, in- 
timately united by a cement, having for its base sihcate of 
alumina, and is used for the purpose of obtaining by dis^ 
tillation volatile mineral naphtha, — ^a fatty oil, usefiil as a 
lubricant for machinery : asphaltum, the residuum from 
the retorts, is afterwards manufactiu*ed, by the addition 
of ammonia^ and other fertilizers, into an artificial manure. 
The production from the above material is entirely new in 
the commercial world, and was in England commenced in 
November, 1849, by the present Company. 

The volatile mineral naphtha is light and transparent, 
adapted for lamps, as a solvent for India-rubber, gutta per- 
eha, &c., and many other purposes in the arts and manu- 
&ctures (to which ns^htha or camphine is appHcable). 

The products from the destructive distillation of coal (223) 
may be studied with advantage in connection with those ob- 
tained from peat and shale. 

Coed and Coke. (Exhibitors 219 to 275 generally.)— -An 
account of the distribution of coal will be found in the 
Descriptive and Illustrated Catalogue, in which is also em- 
Ivaced some description of the peculiar characteristics of 
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the several varieties ; to that paper the reader is referred 
for such information as could not be condensed into the 
limits of this Handbook. 
The kinds of coal exhibited ore — 

1. Cannd Coaly containing^ as it does, a large percentage 
of volatile matter, is very inflammable. It maj — ^like 
jet, which is a variety of coal— be worked into various onwr 
m^tal articles, of which many are exhibited. 

2. Bitumintma Coal, the ordinary coal which we employ 
in our domestic fires. Of this coal great varieties exist, 
depending on the conditions U3»ler which the deposits took 
place. They vary greatly in the quantity of carbon and 
bituminous matters which they contain. The best account 
of the differences will be found in the Beport on the Coal 
employed for the Steam Navy, by Sir H. Be la Beche and 
Dr. Lyon Playfair. In the collection exhibited we havis 
the very beautiful iridescent coal known as the Peacock 
CoaL This colouring arises from excessively thin films of 
sulphur, which refract light aft^ the manner, of a soap- 
bubble, or a slight layer of oil upon water. Another kind 
shows a very peculiar structure, which might almost be 
called crystalline. It is difficult to account for this pecu- 
liar arrangement of particles, which can neither be referred 
to the woody structure of the plant from which the coal 
was formed nor to any process of crystallization; it is 
evidently the result of an arrangement of particles under 
some peculiarities of mechanical force, the result depend- 
ing upon the form of the ultimate particles. 

ArvGira/cite Coal. — ^When the mass of vegetable matter 
passing into coal has been exposed to a very high temper- 
ature, as by the direct contact of volcanic rocks, it 
becomes almost completely carbonized, and the vuie^ of 
coal, called anthracite (from &y0pa& coal). In the South 
Wales coal-fidids we have the remarkable example of beds 
of bitimiinous coal gradually losing their volatile con- 
stituMits, and becoming more and more anthracitic, untij, 
at the western extranity of the coal-field, this kind of c^ 
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abme provaik. Anthracite has been fDrmed artificisdly by 
tise long-eontiiuied actiaii of a temperature inBufi&cient for 
eokbig. 

Several very fine masses of coke are exhibited. This ia 
obtaioed by driving off the volatile matter, carbon in a 
state of tolerable purity bdng left behind. The process 
of cokiog is effected in peculiarly-constructed ovens, by 
^ffrhich the quantity of air admitted can be regulated. 
Wh^i coke is well made from good coal it is of sufficient 
hardness to cat glass ; therefore, in coking coal, we advance 
one step towards the formation of diamcmd. At least 
34 HiiBioDs of terns of coal are annually raised in the 
British ides, the value of which, at the pit's mouth, is 
above 9,000,000;. 

€<m^ft89ed tmd Artificial Fad. (Exhibitors, 230, 232, 242, 
252.)<— Hie artificial fuels have'one general character ; they 
are carbonaceous matter ; generally, small coal cemented 
"^ together by some bituminous matters. 

The manu&otory, under Warlich's patent, is as foUows : 
---Small coal, of the very best descriptions, is amalgamated 
with bituminous matter obtained from coal, in which 
state it is placed in moulds and submitted to an im- 
mense pressure by hydraulic machinery. It is subse- 
qomtfy carbonised in retorts^ at an intense heat, until 
all «Beli of the bituminous matter used has been got rid 
o^ and the vegetable matter and noxious gases existing 
in tibfi coal, drawn off; c^ter which it m fit for shipment. 

The Beport on the Coals for the Steam Navy contains 
seme important information on artificial fiieL 

Iron Ores and Iron Mcmte^ovctwre, (Exhibitors 400 to 
42& generally, 447, 448, 449.) — In the collection of iron ores 
collected by Mr. S. BkckweU, of Dudley, we have an exem- 
plification of all the varieties employed in this country. 
The gross annual production of iron in this country is 
now upwards of 2,250,000 tons : South Wales famishes 
700,000 tons, South Staffordshire (including Worcester- 
edure), eOO^OOO tons, and Scotland 600,000 tons. To the 
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Descriptive and lUustptted Gatalogae, Mr. Bkckwell fiir- 
nisked an account of all the beds of iron from which he has 
exhibited specimeni^ including also an account of the num- 
ber of iron funi^es in and out of blast. From that p^>er 
we take the fwlowing, which is an excellent condensed 
account of oar iron-producing districts : — 

^ So extensive are the ironstone beds of the coal measures, 
that th^ furnish in themselves the greater part of the 
iron produced in Great Britain; but the iron-making 
resgnrces of the kingdom are by no means confined to 
The carboniferous or mountain hmestones of Lan- 
tire, Cumberland, Durham, the Forest of Dean, Derby- 
shire, Somersetshire, and South Wales, aU furnish important 
hjbds and veins of haematite. Those of Ulverston, White- 
haven, and the Forest of Dean, are the most extensively 
worked, and seem to be almost exhaustless. The brown 
haematites and white carbonates of Alston Moor and 
Weardale also exist in such large masses that they must 
ultimately become of great importance. In the older rocks 
of Devon and Cornwall are found many important veins of 
black haematite, and in the granite of Dartmoor numerous 
veins of magnetic oxide and specular iron ore. Tlie new 
red sandstone furnishes in its lowest measures beds of 
haematite conglomerate. In the has and oohtes are impor- 
tant beds of argillaceous ironstone, now becoming exten* 
sively worked ; and the iron ores of the greensand of 
Sussex, once the seat of a considerable manufacture of 
iron, wiU, in all probability, again soon become available, 
by means of the facility of railway communications. The 
produce of the manufacture of iron in Great Britain in 
1750 was only about 30,000 tons ; in 1800 it had increased 
to 180,000 tons ; in 1825 to 600,000 tons ; in the following 
year the duties upon the introduction of foreign iron were 
either removed or rendered nominaJ, since which the pro- 
duction of iron has nearly quadrupled itself, being now 
about 2,250,000 tons." 

The increased use of iron in this country during the 
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present century has been truly extraordinary. The import- 
ations of this metal at the beginning of this century 
amounted to about 40,000 tons yearly, and the quantity 
made at home was under 150,000 tons. It was given in 
evidence by Sir John Guest, before the Committee of 
1840 on Import Duties, that in the year 1806 the quantity 
of iron made in the kingdom was increased to 258,000 tons ; 
that in 1623 the quantity produced was 452,000 tons ; in 
1825 it had reached 581,000 tons ; and in 1828 the quan- 
tity was 703,000 tons. 

A fresh impulse has since been given to this branch of 
manu&cture through the great actual extension of rail- 
ways. There has not been any recent official statement 
put forth showing the progress made in England, but a 
'careful account of the make of iron in Scotland was drawn 
up in July, 1845, when it appeared that there were 76 fur- 
naces in blast, producing 8,250 tons of iron weekly, or at 
the rate of 412,600 tons in the year of 50 weeks. There 
were besides, at that time, 10 other furnaces being built, 
and it is probable that at this time the quantity of iron 
made in Scotland is not short of 600,000 tons in the year : 
this is principally obtained from the black-band iron- 
stone, the use of which is due to the suggestions of Mr 
Mushet, whose work on " Iron and Steel," together with 
that of Overman, and Mr. Porter's "Progress of the Nation," 
who has entered fuUy into the statistics of the iron manu- 
facture, may be consulted with advantage. 

The Monkland Iron Works (426) are of great importance. 

These works are situated on the river Calder, a tribu- 
tary of the Clyde, about 10 miles eastward of Glasgow, in 
the county of Lanark : they were commenced in 1805, 
and were first employed in the manufacture of iron from 
scrap-iron by forges and rolling-mills driven by water, and 
also in the manufacture of steel, files, &c. — ^the tilt-hammer, 
rolling and sHtting miDs, being driven by water. In 1826, 
the smelting of iron was commenced, there being an 
abundant suppl ' of coal, ironstone, and limestone in this 
I. " D 
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district ; and the works consist of niiie blast-fdmaces, 
producing about 60,000 tons of pig-ircwi annually ; six 
refineries and forges, and poDing and slitting nulls, to 
convert all th« pig-iron into the malleable state. The 
produce of malleable iron is about 40,000 tons annually, 
oonsiBting of rails, bar-iron of aH mxea, boil6]>-plates, nailr- 
rods, sheet-iron, angle-iron, &c.; and there are employed 
at the mines, situated around the works and in l^e works, 
about 2,500 workmen. There are six schools for the edu- 
cation of the workmen and their families, and the number 
attending school at present is about 1,400. 

The iron manu&cture in Scotland has increased yery 
much of late years. In 1827 thOTe were only 18 furnaces 
in blast, and an aimioal produce of 36,000 tons ; and at 
present there are above 100 in blast, producing upwards 
of 600,000 tons annually. 

Tina iron is produced oM«fly from the black-band iron* 
«kme, wbich contains a la!»ge proportion of coaly matter, 
and is turned out from the pits into large heaps, about 
16 feet in thickness, and containing several thousand tons : 
these are set fire to, and there is a sufi^ient quantity 
<if infiammabl« matter in the ironstone to roast it into 
a fit fitate for the blast-furnace, without any manipulatiim, 

27i6 Modd of Mhw Yak (412), and of the iron fiimace» 
iemployed at the Ebbw Valley Works, from which we may 
derive a very complete idea of the mode of occurreaioe of 
the ironstone bands in the coal measures, and of the 
method adopted for smelting iron by the hot and cold 
blast, should be attentively examined. In the furnaces 
are shown the arrangements for collecting the gases from 
the top of the furnace, of conveying them under the 
boilers of the steam-engines, &c., and of thus economising 
a great deal of h-eat, formerly entirely wasted. 

At the Blaina Ironworks a similar method is adopted, 

and a model explains the arrangement (413). The novelty of 

Thich is, completely closing the fiimace-top for collecting 

^ gases, which are drawn off, by means of a branch tube 



fat generatifig steam, heating air, ^^ and introducing a 
fixed <7one in the oentre for the equal distribution of the 
matenaL Hius, by simply raising the changing-ring, the 
materials &11 to the wall of the furnace, which gives them 
a conoave sur&ce in lieu of a convex one. The largest 
partides of fixel now roll to the c^tre of the furnace, which 
concentrates the heat to that part where it is most re- 
quired, namely, the centre of the furnace. 

ScUy^s Iron (410). — Among the various improvements 
which have been made in mineral products during the last 
fewyears, none, perhaps, are more striking than the refining 
of British iron by chemical processes, such as employing 
manganese and salt, &c., by which it is rendered suitable for 
conversion into steeL Some fifteen years since, we believe 
that the only English irons which could be employed for 
that purpose were manufactured by the Low Moor Iron 
Oompany, near Bradford, in Yorkshire, who are large exhi- 
bitors in Class 22. At the present time there are, in 
addition, the Bowling, the Milton, the Famley Iron Com- 
panies in Yorkshire, and several works in South Staf- 
^rdshir^. Messrs. Solly, of Leabrook, are conspicuous in 
this class by the case which they exhibit of their iron and 
«teel, and of a great variety of tools and cutlery made 
therefirom by the above process. "Hiese are purposes for 
which Swedish and Russian iron had previously been con- 
sidered iudispensable. 

THn^lates and Galvanised TXnnedriron, (Exhibitors 411, 
417, 436, 500.)— The ordinary process of tinning iron, 
although comparatively a simple operation, requires much 
careftil manipulation. In the first place, metal of a peculiar 
quality must be selected : this is rolled into sheets of the 
lequired thinness by being passed when heated between 
Mghly-polished rollers ; the operation of heating even de^ 
Yft ujndlng great attention, as on the quality of the fuel and 
the degree of heat depends the colour of the finished 
fiiheet. Sheets prepared with coal as a fuel are ordinarily 
black fh>m the presence of a small quantity of sulphur ; 

d2 
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whereas those prepared with charcoal are of a fine blue 
colour on the surfeice. Some books of iron exhibited well 
display these peculiarities. Charcoal-iron (417), as it is 
labelled, is always preferred for the manufacture of tin- 
plates. The plates when cut of the required size are 
thoroughly cleaned by the -action of sulphuric acid, so that 
all oxidation may be remoyed, and then plunged into 
melted tin. Such are the essential parts of the process, 
many of its details being omitted. 

Iron covered with zinc has been called galvanised iron, 
from the £^t that we have two metals in different elec- 
trical conditions ; the zinc, suffering chemical change, 
oxidising, and acting as a protecting agent to the iron. 
Galvanised tinned-iron (436) is prepared in the following 
manner. A quantity of chloride of tin is made by dis- 
solving granulated tin in muriatic acid ; this is largely 
diluted with water, and poured into a tank arranged in 
this way : several small pieces of zinc are strewed over 
the bottom, and on this are placed some sheets of iron ; 
then more zinc is sprinkled on this, and another layer 
of sheets of iron placed on these until the cistern is 
full. Electro-chemical action appears to be set up, and 
the iron is shortly covered with a film of tin. After this 
the sheets are zinced, by being passed through a shallow 
bath of melted zinc, and then through rollers. Steam 
power is employed in this process, by which any degree of 
speed can be obtained, and thus only such a coating of 
zinc allowed to fix itself on the iron as may be deemed 
necessary, and uniformity secured on any quantity. Sheets 
are manufactured in this way of very large size, the one in 
the West Main Avenue being 11 feet by 3 feet ; and they 
are curved or corrugated, or stamped into plates and tiles 
for roofing purposes. The patentees of this process have 
also shown that this galvanized tinned-iron can bp covered 
with a coating of lead, and in this way be employed where 
zinc would be objectionable, and the iron may be used 
very much thinner than it would be prudent to employ 
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lead; hence the patentee's claim for it — the advantage 
of lightness, in addition to the ordinary qualities of 
lead. Another material exhibited, called by the patentees 
plnmbic zinc, is zinc coated on one or both sides with 
lead ; the principal advantages of this appearing to be the 
combination of the lightness of the sheet of zinc with the 
slow oxidisai)iKty of the lead as compared with that metaL 

AUoys of Iron, (428.) — In this case are some interesting 
combinations of iron with the other metals ; and of wrought 
and cast iron, with some manufactured articles there- 
from. Mr. StirHng has recently made a commtmication 
on these alloys to the Royal Institution of Edinburgh, 
in which he has fully entered into the question of alloying 
iron. In the Report of the Commissioners on the Iron 
employed in Railway Structures, will be foimd a statement 
of some experiments on the combined wrought and cast 
iron of Mr. Morries Stirling. 

Models of Coal Mines, (She. (Exhibitors 263, 403, 404, 413, 
431, 432.) — In these are illustrated the different methods of 
working and ventilating coal mines. In the Newcastle-on- 
Tyne district they work the "whole coal" in each district 
of the mine before commencing to take away the pillars : 
they then commence to remove the pillars of coal at the 
remotest extremity. By an improved process of working 
introduced, the pillars are taken away in the same opera- 
tion as working the " whole mine," at such a distance as 
will admit of a double-safety current of air passing between 
the whole-working and the pillar-working, so that the 
former may be lighted with candles and the latter by 
safety-lamps. The long-wall system, is removing the coal 
in one entire breadth or breast, no pillars being left. The 
main roads in the mine being secured by building stone 
pillars ; in other cases pillars of coal are left to secure the 
permanency of the main way. It is, of course, understood, 
that as coal is worked on the bed, the superincumbent 
mass would fall if it was not supported ; hence the neces- 
sity of pillars. 
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Safety Lamjps are associated vriih these models. Pre-< 
viously to the introduction of these, the steel-mill was 
employed in dangerous places — ^the stream of sparks pro^ 
duced by the attrition of the steel against a piece of flint 
giring some hght. The fire-dtimp of the coal-mines is a 
carburetted hydrogen, which, when mixed with a portion 
of atmospheric air, forms an explosive compound ; a tem- 
perature above that of ordinary incandescence is, however, 
necessary to occasion its ignition. By the investigations 
of Sir Humphry Davy it was proved that flame would not, 
under ordinary circumstances, pass through the meshes 
of fine wire gauze. This may be proved by heading a 
piece of wire gauze over the flame of a candle~-the smoke 
will freely ascend, but the flame will be restrained. By 
completely surrounding a lamp, therefore, with wire 
gauze, the desired end is eflected of aeeuhng the flamae 
from the mass of explosive mixture. The carburetted 
hydrogen passes into the flaane through the cage easily 
enough, but being exploded the flame cannot pass out : 
therefore, in a dangeroTis atmosphere a series of small 
ejqplosions are constantly occuiring within the cage, while 
the risk of firing the atmosphere around is very small 
Accidents do occur where the "Davy," as the lamp is 
called, is used, but these are ordinarily the result of incau- 
tion. Perfect ventilation is, however, the most effective 
security to the miner. 

Ventilation cf Ooal Mines. (Exhibitors 403, 404.)— The 
mode of arranging the "air-ways," so that the column ot. 
air drawn by the furnace in the " up-cast " shaft brings the 
whole mass along given lines, while the current of pure air 
is supplied through the " down-cast" shaffc, is shown in 
the models (413, 432). In those by Mr. Brunton and Mr. 
Cawley, mechanical arrangements are employed to produce 
a strong current of air. A screw in one case, and a 
chambered wheel in the other, being set in rapid motion, 
discharges the air from one shaft, the supply naturally 
descending the other to supply the mine. 
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In effecting this sjBtem of cfurrentsy it ifi essential that 
the '^ ways'' are properly adjusted^ so that a stream of air 
eonstantlj flows along the proper passages, sweeping, as it 
were, the whole of. the mine. Doors are placed at oertsia 
points, at which are stationed boys, whose duty it is to close 
them immediately any coals or waggons have passed 
through them. No. 418 ia a model for opening and closing 
doors by a reversion of levers, by which the service of the 
boy is dispensed with, and the certain closing of the doors 
secured by the waggon itself as it passes onward, striking 
agamst a lever connected with the door. 

Model Machinery and Apparatus for dressing ike iaferiait 
Copper Ores, called ^Hedvans^^ at the TywamhaHe Mines, 
(434.) — ^The poorer ores produced at this mine, the pro- 
perty of H.RH. the Prince of Wales, which would not 
pay for working by the ordinary processes, are, by the 
madiineiy introduced, worked very profitably. They ace, 
being reduced to a small size, first subjected to the action 
of the crushing machine; they then pass through the 
cylindrical sieve, and are washed and passed through the 
aeries of channels to the round buddle, in which the 
metaJHc particles are separated from the others, the 
earthy matters being removed by the slowly-flowing 
water. By inspection g£ the model, made to the scale of 
two inches to the foot, the process will be easily imdep- 
atood, which could not be rendered intelligible by any de- 
scription without diagrams. Samples of the ores in dif- 
ferent stages of preparation accompany this model in 
iUustration. 

Tools emploajed in Mining arhd Quarrying. (Exhibitors 
430, 451, 461.) — ^The picks, borers, &c., employed at the 
Abercame collieries^ and used for raising the coal and stone 
exhibited with them, merit inspection. The forms of the 
pieks are carefully studied, and it is stated that great ad- 
rantage has resulted from the use of cast-steel borers, for 
working in hard rock, in the place of iron ones with 
steel ends. In the manu&cture of these tools it is found 
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to he of much importance to secure certain relations 
between the size of the bits aivi stocks, which is another 
point particularly churned as noveL In prosecuting the 
works at these coUieries, galvanism has been brought 
most efficiently into operation for the purpose of blast- 
ing. The process consists in carrying wires down into 
the hole in the rock, uniting these with a piece of thin 
platinimi, and charging with gunpowder as usual ; con- 
nection is then made with the battery, and any niunber 
of holes are fired at the same time. By this means the 
rending power is greatly increased ; and it is stated, that 
in three months work can be done, which by the ordinary 
method of blasting would occupy twelve. Some other 
adjustments — ^particularly the use of gutta percha for 
the Hogar-pipe, by which water is drawn from the bottom 
of the shaft, or " sump" — are worthy of the attention of 
every miner. These are explained by drawings on the wall, 
behind the tools. The tools employed in the Cornish 
mines hang on the neighbouring walL 

The Pick for dressing Oranite (461), by which a series 
of steel points sharpened can be from time to time adjusted, 
appeal^ to have W used in the granite quarries of Com: 
wall with much advantage. 

Tin Ores — Mamt/actured Tin — Model. (Exhibitors 440, 
455, 457, 468, 469, 470, 486.)— Tin appears to have been 
raised in Cornwall from the earliest historic times ; and 
there are, scattered over the coimty, to be found numerous 
relics of old workings which are usually — and probably 
with much correctness— attributed to the Romans. In 
some places remains of rude furnaces and collections of 
slags are found ; the former are called "Jews' works," and 
the latter " Jews' attal," with one curious exception, where 
some large heaps of refuse are still known by the name 
of " Attal SaracenJ^ Often rude blocks of tin are found, 
which are caUed ^ Jews' tin,^^ and of one of these there is a 
good example in the collection from the Truro Committee. 
It is not improbable that these rude blocks were of the 
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kisd sn]^li6d to the Rusnicians^ who traded to the Cassi- 
terides^ or Tin Islands, for that metal Tin does not occur 
in any gce&t variety of forms : those which are commer* 
cially valuable are only displayed; and by a close exami- 
nation of the specimens before us» we shall be enabled to 
trace out the whole of these varieties. The ores of tin are 
obtained from two different sources — stream-works and 
mines. In the stream-works, the oxide of tin, or black 
tin of the mlaer, is found nearly pure, from the size of 
small grains of sand and rounded pebbles, up to that of 
large water-worn boulders, mixed with the detrital deposits 
of running streams or of dried-up rivers. These detrital 
deposits consist principally or entirely of decomposed 
granite, from the washing of which chinci-clay is obtain- 
able. In Carclaze tin mine, or rather quarry, the black 
tin found in situ, in a very friable decomposing rock, is 
obtained by imitating the operations of nature, the rock 
being broken down by directing streams of water through 
artificial channels. The stream-works in Devon and Corn- 
wall have been in former times the principal source from 
which this ore was obtained, but they appear to be nearly 
exhausted. Streaming for tin is still carried on upon St. 
Austle moors, at the Pentuan Valley, and in many other 
parts, the principal supply, however, being now derived 
from mine-workings. 

It should be explained that stream-works consist lAerely 
of digging over and properly washing the debris of the 
primary rocks, which has been during ages separated by 
the disintegrating action of atmospheric changes, and by 
floods carried into and deposited in the vaUeys. 

In these deposits the tin is usually found at the bottom^ 
as being heavier than the matters forming the superin- 
cumbent mass. That these deposits are of comparatively 
recent origin is proved from the occurrence of human 
skulls and the works of man amid the detrital accumula- 
tions. At Camon stream the remains of man, of deer, 
and other animals^ with wood, moss, leaves, and nuts, have 

d3 
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been found 53 feet b^ieath tbe enrface of mud and sand, 
and at Pentuan human skulls, mixed with the remains of 
deer, oxen, hogs, and whales, have been discovered under 40 
feet of detrital accumulation. The operation of strearmng^ 
as it is called, bears a close analogy to that of gold-wash- 
ing, and consists essentiaUy in crashing away aU the value- 
less matter, leaving the heavier stanniferous pebbles and 
sand behind. 

The ordinary process of smelting tin is a very simple 
one, consisting of Httle more thaii mixing the ore with 
some carbonaceous matter which may Tob it of its oxygen, 
exposmg the whole to sufficient heat in a reverbera- 
tory furnace, until the pure metal is obtained, and then 
running it into moulds, sunilar to the one in the Truro 
collection. 

Grain tin is a very pure metal, the semi-crystalline 
structure being produced by artificial means. It often 
occurs that the ores contain impurities which very mate- 
rially diminish the value of the tin by" combining with the 
metal, and rendering it unfit for the purposes to which it 
is ordinarily applied. 

Beparcdion of Wolfram from lS,n, (465.) — ^Wolfram {Tung- 
state of Iron) is the most difficult to treat, and it is only 
recently that any process of treating tin containing wolfram 
has been thoroughly successful The small case exhibited^ 
well illustrates this process. 

The series of specimens have been obtained from Drake 
"Walls Mine, on the banks of the Tamar. In this mine is a 
curious illustration of the ancient method of mining^ 
combined with the modem plan of proceeding. From 
want of machinery the operations of the ancient miner 
Were of a very restricted character, consisting rather of a 
series of quarrying than of mining operations. Hence wer 
find in the mine a deep "gunnis" or pit worked out, tottier 
extent of some 30 fathoms in depth, 160 to 200 fBCthoms' 
in length, and only 20 feet wide. Modem workings have 
been undertaken some distance below the bottom of this 



,j^, a soMd areh of grotmd bemg 1^ of considerable thick- 
. Btess to prevent risk of injury to the lower worldi^ from 
the fniJing together of the sides of this immense ohasm. 
The otB is brought to sur&ce, or ^grass^" in an iron wag- 
gon, running between four rails^ adjusted to the irregular 
mohnations of the aides of the chasm,, by the power of a 
-ateam-eiigine and waAer-wheeL The ore is dischaiged into 
•another waggon on a horizontal railway, and oouYeyed to 
•the dressing-floor, where the large masses are broken down 
or ^ spelled" to a size suitable for the crusher. The whole 
is then washed, to remove the mud, and after being picked 
tiFver by " bal maidens" (girds em^doyad at the mine to 
remove useless waste), the residue is oonveyed to thp 
powerful crusher, and is groimd down to a coarse .powder, 
in this mine the black tin is sufficiently coarse-grained to 
ftOow of the effectual separation of the waste by this 
simple process ; but in the greater number of mines the 
J»la4^ tin is of such fine grain, and so completely distri- 
buted throughout the satire mass of the matrix, that it 
is impossible to dress it properly without reducing it to 
« very fine powder, which can only be effected by stamp- 
ing. 

. From the crusher the ore is taken to the dressing-floors, 
where, by a series of washings in running streams and in 
«ti]l water, the whole of the earthy matters are almost 
completely separated. The residue connsts of the blade 
•tixi, associated with iron, copper, and arsenical pyrites, and 
"with wolfiram* 

By the action of the water, this mixture of metallic 
ooatters, termed vnttSy will have been sorted out into 
.dtfiferent-sized grains, technically caQed ^jigged witts>" 
^flucan witts," smalls, slimes, &c. These witts are, in the 
next place, conveyed to the burning-house, where they are 
roasted in a large reverberatory fimiace, at a red heat. 
The black tin and wolfram remain imafiected thereby, but 
the suipfajor of the pyrites is converted into sulphurous 
acid gas, which passes away into the atmosphere^ and 
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partly into sulphuric acid, which combines with any coppcfr 
present. At the same time the iron is oxidised, and ren- 
dered lighter than before, and the arsenic is converted 
into arsenious acid, which, being volatilised by the heat, 
passes on into the flues and is there condensed. 

The calcined ore is again washed on the burning-house 
floors ; and the clean black tin obtained, if free from wolf- 
ram, would be ready for the smelter, and would vary in 
value according to the current price of the metal, from 
501. to 65/. per ton. The presence of wolfram very much 
afifects the price of the ore. Thus, a sample which obtained 
only 42/. per ton, was, after having been subjected to 
the process for the separation of the wolfram, worth 
56/. lOi. 

In consequence of the specific gravity of wolfram being 
greater than that of black tin, it could not be separated 
by any washing operation. 

Such an ore is now mixed, in proportions indicated by 
the quantity of wolfram present, with sodarash, a crude 
carbonate of soda, or salt-cake, sulphate of soda^ and the 
mixture calcined in a reverberatoiy furnace provided with 
an iron bed to prevent the reactions that would otherwise 
take place between the constituents of the bricks, the sod% 
the tin, and the tungsten. By this calcination at a red 
heat, the tungstic acid is obHged to leave the iron and to 
combine with the soda, producing tungstate of soda, which 
is soluble in water, and is thus capable of being easily re- 
moved. The residuary oxides of iron and manganese are 
then separated by washing, and the black tin obtained pure. 

By evaporating, and thereby concentrating the solution 
of tungstate of soda, it is obtained in the crystalline form, 
and is now being used as a mordant for dyeing purposes^ 
and for the preparation of pigments. Thus eventually the 
wolfram, instead of being the cause of deteriorating the 
value of the tin ore, may be the means of enhancing it. 

The produce of tin ore in Cornwall and Devon for the 
last seven years has been as follows : — 
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Yews. 


Tons. 


1844 


7,607 


1845 


7,739 


1846 


8,945 


1847 


10,072 


1848 


10,176 


1849 


10,719 


1850 


10,052 



In 1849, 299 tons of tin were imported. 

,,' 2,214 ,, exported 

1850,1,798 ,, imported. 

,, 2,211 ,, exported. 

Copper Ore — SmeUing and processes of Reduction. (Exhi- 
bitors 439, 441 to 446; 450, 452, 453, 454, 473, 475, 51^ 
517, 518.) — ^The ordinary copper ore of this country is the 
yellow sidphuret : this is a double sulphuret of copper and 
iron. Sometimes a pure sulphuret of copper or grey ore is 
raised. Other ores of copper may be regarded rather as 
mineralogical specimens than as practical illustrations of 
the useful ora Several varieties of these copper ores are 
exhibited. The native copper, from the serpentine form- 
ations of the Lizard, may be regarded as among the most 
curious of our mineral formations. It is found spreading 
itself out through the cracks in ths rocks in a very 
remarkable manner. Opinion is divided as to whether 
these formations are the residt of sublimation or of depo- 
sition from water. At the bottom of the North-west Stairs 
will be found two remarkable examples of this copper 
formation from Trenance Mines. On the eastern table 
of this class three specimens are also associated : these are 
respectively from the Lizard, in OomwaU, from the trap- 
rocks of the Boyleston Quarry, Benfrewshire, and from 
Lake Superior, in America. These have been placed to- 
gether for the purpose of showing the peculiar conditions 
under which these formations occur. In one of the larger 
specimens from the Carradon Mines will be found a great 
quantity of native copper, and also of the red oxide; 
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and in those masses of ore adjoining, and on the table, 
the other commeroial varieties may be studied. 

The Swansea Cbmmittee (473) exhibit illustrations of 
the ordinary processes of copper smelting, showing the 
gradual separatiott of the sulphur, and the increasing 
purity of the metal at each stage of the process. 

At Swansea, nearly aU the cbpper smelting of Great 
Britain is carried on. It being fbund more economical to 
take the copper ore to the coal, than the coal to the ore. 

Messrs. Bankart exhibit ^illustrations of their patent "pro- 
cess of reducing copper (429) ; which consists in roasting 
the sulphurets of copper at a moderate heat, and with regu- 
lated accession of atmospheric air, by which the sulphur 
becomes converted into sulphuric acid, and combiniiig 
with a portion of the copper, forms a soluble sulphate of 
that metal. This is dissolved, and iron is thrown into 
the solution, by which copper is precipitated, the iroti 
taking its place as a sulphate, which is afterwards crystal- 
lized out. In this way much of the copper of the ore, 
which is the double sulphuret of copper and iron from the 
-Cobre mines in Ouba^ is obtained ; but stiU a portion 
remains, which requires treating in the following manner. 
In thU state no additional roasting would have any otber 
effect than to further oxidise portions of metal which had 
not received their fiill dose of oxygen. By mixing with 
.this roasted ore a portion of the same ore in its raw state, 
;the sulphur of the latter, which would otherwise have 
gone off in the form of sulphurous acid gas merely, receives 
through the agency of the peroxide of iron present, an ad- 
ditional dose of oxygen, forming sulphuric acid ; this again 
acts on a considerable portion of the oxide of copper, 
omiting with it and forming sulphate of copper, to be 
again extracted by boiling water as before, and so on till 
the whole of the copper is obtained. And by using in the 
lasi operation a sulphur ore which contains litile or no 
copper, the residuum is found to consist almost exclusively 
-of sUica and peroxide of iron^. 
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Longmaid's patent eonsists in roasting the ores wittt 
salt (chloride of sodium) : the formatioB of sulphate of 
soda is the consequence of the combination of sulphurio 
acid with the soda of the salt, and the production <^ 
muriates by the action* of the chlorine on the metals 
present (441), Some 'portions of this process have been 
ong in action for the manufacture of soda-ash : for the 
separation of silver from copper ore it appears to offer 
some advantages. Lowe's process, also a patent one, is 
exhibited (489). . , . 

The remarkable increase of the production of copper 
in this oountiy is deserving of notice. In 1744, 7,000 tidns 
of copper ore were raised; in the United Kingdom, in 
1644^ 150,000 tons. The value of the copper produced in 
1770 was 170,000/., that raised in 1844 was 8^,000/., and 
in 1847 it amounted to 889,2671. in Oomwall alone. 

At Swansea, in addition to the copper ore sold at the 
Cornish "ticketings,'* as the sales are called, from the cip- 
eumstance that the prices offered are given in on tickets, 
there was, in 1847, sold from the — 

Tons. 

Welsh mines . ^ • . 340 

Irish mines • . • « 14,373 

Enghsh mines « • • • 406 

Foreign mines « . • . 50,819 

65,938 

The value of this mineral is therefore now considerable? 
and yet, fifty years since, tin mines were abandoned when 
they came to the " yellows," as the copper pyrites were 
caHed, as being thought of iosufficient value to pay the 
werking. 

Zinc Ores and Manufactwred Zinc, (Eihibitors 437, 
492, 503, 606.) — The ores of zinc exhibited are the sul- 
phuret (called also "blende," from the <3erman, signifying 
glistening), the carbonate of zinc or calamine, from the Latin' 
oalamtcSy a reed, as, when in fusion, it adheres to the base 
of the furnace in the form of reeds. The sulphxirets of 
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sdno — the Uack jack of English miners — are from Com* 
iral], the Isle of Man, and from CumberlancL It is found 
in many other parts associated with lead and copper. Its 
chemical composition is — 

Zinc 61-5 

Sulphur 33 

Iron 4 

The calamine is from the Alston-moor mines, and, by 
analysis, it is found to consist of — 

Oxide of zinc • . • 64*8 

Carbonic acid . * . 35-2 
Specimens of this ore from the Yieille Montague mines 
are associated with the manu&ctures of this Company. 
The calamine from Altenberg, the former name of these 
mines (the ''Old Mountain"), has been worked since 1435 ; 
but for four centuries it was employed merely as an earth 
to make brass, as it was not known to contain any metaL A 
succinct account of the discovery of zinc is instructive. 

The reduction of this metal is of comparatively modem 
date. Calamine was employed by the ancients in the 
inanufacture of brass, but it was not known that a combi- 
nation of the copper with another metal took place in the 
process. Bergman, writing on the subject, says, "The 
semi-metal which at present is called zinc, was not known 
so much as by name to the ancient Greeks and Arabians. 
The name which it bears at present first occurs in Theo- 
phrastus Paracelsus ; but no one as yet has been able to 
discover the origin of this appellation. Agricola calls it 
contrefeyn ; Boyle, speltrina ; by others it is denominated 
gprauter and Indian tin. Albertus Magnus, more properly 
called Bolstadt^ who died in 1280 — ^the first who makes 
express mention of this semi-metal — asserts that it ap- 
proaches to a metallic nature, and relates that it is inflam- 
mable." The celebrated Brandt, in 1735, showed that 
blende contained zinc ; and soon after Van Swab actually 
extracted it from the Bolognian pseudo-galena^ which pos- 
sesses a metallic splendour. The Baron Trenck, in 1744, 
determined the presence of zinc in pseudo-galena, from the 
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flame and the flowers ; and in 1746 Mr. Marygras set the 
matter beyond all doubt. The late Dr. J. Lawson, observing 
that the flowers, the sublimed oxide of lapis cdHmanaris, 
were the same as those Of zinc, and that its effects pn 
copper were also the same as that metal, never remitted 
his endeavours till he found the method of separating pure 
zinc from that ore. Mr. Champion, of Bristol, being taught 
by Dr. Lawson, established works for separating the metal 
from both blende and calamine, and rendered zinc or 
spelter merchantable in England ; and learned and prac-; 
tised the art of making ingot brass for melting, and plate 
brass for sheets and wire drawing : to him succeeded 
Philip George, jun., of Bristol PubHc Companies were 
estabhshed for making brass, &c. : — ^Harford and Bristol 
Brass and Copper Company ; Freeman's brass and Copper 
Company. Messrs. Hobson and Co., of Sheffield, disco- 
vered the malleability of spelter, and appHed to the only 
maker, Philip George, jun., of Bristol, to work it out, about 
40 years since. 

The processes of reducing zinc are peculiar, from the 
circumstance that when melted, in contact with atmo- 
spheric air, it enters into combustion. Oxide of zinc is 
rapidly formed, which passes off in a very fine state, ordi- 
narily known as "philosopher's wool." The Vieille Mon- 
tague Company, who exhibit in this and in the Foreign de- 
partments the productions from their mines, raise very 
large quantities of calamine, which they reduce by the 
English method of condensation. The process is, to draw 
off the melted zinc from the bottom of closed crucibles, 
after the ore, mixed with coal, has been exposed to the 
action of heat for some time, and allow it to flow into 
water. Eight tons of calamine and 22 tons of coal yield 
about two tons of zinc. 

The mines from which the manufactured specimens are 
exhibited are situated upon part of the Belgian, Prussian, 
and neutral territories, between the towns of Aix-larCha- 
peUe and Venders. The Abbe Deny, in 1805, first esta- 



66 



LEAS OBS.— ZJBAD. 



[Cluil. 



bliflbed the smelfciiig ^otka Yrhieh passed into the hands of 
the Mossehnan ^mily in 1813, and in 1837 into possesion 
of the Company, producing now about 12,000 tons of zinc 
anpiia1]y« The izses to which this metal is applied — sheets 
of Tarions sizes, perforated sheete, mouldings and castings 
in zinc — are fully illustrated. The sheets of zinc are in^ 
ported &om the Company's works — ^perforated in this 
eountry, and re-exported : this branch of manufiBUxtore net 
being carried on to any extent on the Continent. Oma* 
jnental zinc-casting, in connection with this Company, is 
about to be established in this country. 

Our imports and exports of this metal for the last three 
yeafTB have be^i as follows : — 

Imports. Exports. 





Tons. 


Tods. 


1848 


12,769 


4,232 


184d 


13,525 


4,339 


1850 


16,914 


5,397 



Ijead Ores, (Exhibitors 483, 484, 491 to 497, 508, 6091, 
510, 523.) — The value of our lead-producing districts 
represented in the Exhibition may be judged of by the 
following table of the produce of lead for &ve years : — 



Tons. 

Devon and Cornwall 7 , 1 88 
Northern Countiea ; 28 , 820 
Ireland .... 855 



Scotland . 
South Wales 
North Wales 
Shropshire 



901 
4,807 
6,207 

2,500 



1846 


184T 


Tons. 


Tons. 


5,947 


8,333 


27,621 


28,387 


811 


1,380 


942 


822 


5,084 


6,419 


4 ,.943 


5,875 


3,200 


3,000 



184» 



Tons. «. 
7,458 
28,893 
1,188 
1,736 
4,053 
7,069 
2,800 



Tons. 
I 8,045 
,30,781 

1,653 
! 957 

5,941 
I 7,448 
I 2,310 



In the important district of northern England the chief 
mines are those of W. K Beaumont, Esq., in East and 
West Allandale and Weardale ; the London Lead Com- 
pany in Durham, Cumberland, and WostmOreland ; the 
Commissioners of Greenwich Hospital; and the Derwent 



Mining Company — aU occupying portions of a geeat moim- 
tunouB district^ of which Cross-fell and Kilhopo-law form 
tlie meet conspicuous eleyation, one at 2^1, the other at 
2,S00 feet, above the sea. In ComwaU, the principal lead« 
mine is East Huel Rose, near Truro ; and in Devonshire, 
the Tamar silver-lead mine and the mines at Beezalston. 
In Wales, the Cardiganshire and Fhntshire mines are tho 
most productive. Those of Cardiganshire have been 
worked for many centuries. The New Eiver was brought 
into London by Sir Hugh Myddelton from the profits, 
which he obtained from the Cardiganshire mines. 

The chief districts in Scotland are in Argyllshire and 
Kirkcudbrightshire ; and in Ireland, county Wicklow. Lead 
is also raised largely in the Isle of Man ; the mines 
producing in 1849^ 2,826 tons of ore, containing 1,535 tons 
of lead. 

The ores of lead commercially valuable are the sulphuret 
and carbonate, the former existing in by far the largest 
quantities. Most of the lead ores contain silver : this is 
now separated by Mr. Fattinson's process, by which the 
three large masses of silver exhibited were extracted. 

The illustrations of lead miniog contributed by Mr. 
Beaumont's mines, will be examined with interest, as 
showing the processes of dressing the ores of lead for thd 
market^ and the progress of conversion into pig lead. A 
case contributed by the working men contains a complete 
series of the metallic, and some of the earthy, minerals 
from the mines in which they are employed. 

In connection with these are the desUverising processes 
of Mr. Pattinson. This is so important^ that it is thought 
desirable to describe it fuUy. 

This process, discovered by Mr. Pattinson, in 1829, is 
founded upon the peculiar physical fact, that when lead con- 
taining silver is melted in a crucible or other suitable 
vessel, and suffered to cool very slowly with ccmstant 
stirring, — at a certain temperature near the melting point 
of lead, small sohd particles or crystals of lead begin to 
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form within the fluid metal, which, as they are formed, sink 
to the bottom of the vessel, and on being removed, are 
found to contain much less silver than the original lead,— 
the still fluid lead from which the crystals are taken, being 
rendered proportionaJly richer in silver. 

The appKcation of this discovery to practice constituted 
" Pattinson's Process," which, after the principle detailed 
above is understood, is sufiiciently simple. Eight or 
ten cast-iron melting-pots are placed in a row, with a 
fire underneath each pot, which is capable of holding 
about five tons of lead. On commencing the process, 
five tons of lead, which may be called original lead, and 
may contain about ten ounces of silver per ton of lead, 
are introduced into one of the pots about the middle 
of the series : this being melted, it is carefully skimmed 
and the fire withdrawn from underneath the pot; the 
lead then cools very slowly, and is constantly stirred. 
In a short time small solid particles of crystals of lead 
begin to form among the fluid lead, and as they accu- 
mulate and sink to the bottom of the pot, are removed 
by means of a perforated iron ladle similar to the one 
exhibited, and carried over into the next pot to the left in 
the series. This operation goes on until about four tons 
of crystals are taken out of the pot, and placed in the pot 
No. 5, at which time the lead of the pot No. 4 will contain 
about thirty ounces of silver per ton, and the lead of the 
pot No. 5, about five ounces of silver per ton. The en- 
riched lead from pot No. 4 is then ladled into the next pot 
to the right in the series (No. 3), and the same operation 
repeated in the pot No. 4, on a fresh portion of original 
lead. In this way original lead is continually introduced, 
and the poor lead from it passes to the left, the rich lead 
passing to the right ; and as each pot in the series, when 
fiUed with lead of its quality as regards content of silver, 
is continually crystallized, the poor lead passing to the 
left and the rich lead to the right in every case, it is 
obvious, that the crystallized lead from the pots on the 
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left must become poorer and poorer, while the enriched 
lead, as it advances successively from pot to pot to the 
rights becomes richer and richer, the actual result beings 
that in the end, the crystallized poor lead contains but a 
mere trace of silver, while the liquid lead, on the other 
.hand, becomes so rich, that a large plate of silver is ob- 
tained by submitting but a small quantity of this rich 
lead to cupellation. By these repeated crystaUizations, the 
poor lead is also much improved in quality, the silver 
rendering it hard 

This process, the patent of which has expired, is fol- 
lowed in nearly all the mining districts of this coimtry 
and in Spain, and by means of it, the revenue from all lead 
mines has been much increased, and the produce of silver 
in the United Eongdom more than doubled, — besides 
wiiich, a large quantity of silver is now obtained by its 
appHcation to foreign lead brought to England for that 
purpose, and then re-exported. 

The glass case (480) contains several pieces of lead taken 
£:om the pots in the act of crystallizing, to show the forms 
of the crystals. It contains also a series of slabs and crystals 
of lead holding silver from a quarter of an ounce to 300 
ounces per ton, and a plate of silver obtained from the 
rich lead by cupellation : this plate of silver weighs 7,703 
ounces troy, or 4 cwt. 2 qrs. 24 lbs. avoirdupois. The mass 
exhibited by Mr. Sopwith, weighs 12,162 ounces ; and the 
granulated silver of the Duke of Buccleuch, obtained by 
pouring the melted silver into water, is 140 lbs. 

Safety Apparatus for ascending or descending Mmes» 
(Exhibitors 459 — 471.) — ^To the iminitiated it may be neces- 
sary to state that the cage is a rectangular iron frame, in 
which the men ascend and descend pits, and in which are 
placed the small waggons called whirleys or hutches, con- 
taining the coal or mineral to be hoisted up to the surface 
by the steam-engine. In the ordinary form persons as- 
cending or descending coal pits are liable to accidents from 
two causes — one, the breaking of the rope, by which they 
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would be precipitated to the bottom, and inevitably killed ; 
the other arises from the cage being drawn up over the 
Naming plaoed at the pit-mouth. The patent cage is in- 
tended to obviate both these ca^ises of accidents, and does 
so most completely. The principle is simple, and consists 
of two pairs of ecoeaatrics keyed on the extremities of two 
parallel shaffcs, which extend across the top of the cage 
from side to side. The edges of the eccentrics are Berated 
or toothed, and when ihe cage is in the act of ascetiding 
or descending, the eccentrics are free of the wooden ver- 
tical guides or rails which steady the cage in its motion 
up or down the' pit ; no sooner, however, does the rope 
slacken, as, for instance, from breaking, than two volute 
springs bring round the thick sides of the eccentrics to 
bear against the guides, and hold the cage fiast instan- 
taneously, at whatever part of the pit it may happen to be. 

The other cause ef accident, arising from overwindiiig, 
as it is called, is attributable to the carelessness of the 
engine-man, when he omits stopping the engine in time. 
In almost every case where this occurs, the result is Mai, 
as the unfortunate miners are precipitated down the pit. 
To obviate this contingency, the holdfast which connects 
the rope to the cage is secured by a curved bolt, which is 
kept in its place by a strong spring. The bolt moves on a 
feilcrum, and is continued beyond the holdfast as a lever. 
When this lever comes in contact with a bar placed near 
the top of and across the pit-head framing, the bolt is 
instantly disengaged, leaving the rope alone to be drawn 
over the pulley, whilst the cage is fixed in mid-air by the 
action of the eccentrics until the rope is replaced. 

Mr, Fourdrinier exhibits a somewhat similar arrangement 
in Cfess 6 (406). 

In the model of the plan devised by Mr. Robert BLee (468), 
the catches allow the cage or bucket to move freely, as 
long as there is any perpendicular strain upon them ; but 
the moment this is removed, by the breaking of the rope 
or otherwise, the catches are liberated, and secured upon 
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the iron staves of \ktQ hdd&rs, vrhich are placed on either 
side of the shaft 

This model has more especial reference to the Coniish 
mines, where the miners always ascend and descend b;^ the 
ladders. The consequence of climbing from the extreme 
d^ths of many of the metalliferous mines of Cornwall, 
o^en more than 300 fathoms from the surface, has been 
found destructive to the health of the miners. Stimulated 
by the offer of a high premium from the Boyal Cornwall 
Polyte<^mic Society, two mines, Tresavean and the United 
Mines, have adopted machines for relieving the men. These 
are reciprocating rods, the men moving from one to the 
other, as the platforms come together. They are thus, 
without any fatigue, either taken up or down the mine. 
The expense of this contrivance has been the great barrier 
to its introduction, although the time saved has &dly 
compensated for the outlay in the two mines named. 
In the mines of Saxony similar machines are oonstracted, 
at comparatively smaU cost, by the adoption of iron-wire 
rope. 

Apparattis for lifting Pumps from Mines under Water, 
(Exhibitors 462, 4/6H.) — ^The arrangement (463) consists of a 
set of wedges dropped one over the other. The wedge is 
passed easily into the pumps, and made fast in that posi- 
tion ; the whole is dropped to the clack door of the lift, 
and turned round until the hook has entered the opening, 
when the rope which holds up the wedge is let go : the 
hook is thus safely held in the throat of the doorway, aud 
the whole is drawn to the level of the water, and the 
pumps taken off one at a time. A lift of pumps, on which 
the apparatus was used, was 12 fetthoms long, and weighed 
about 14 tons ; but the force exerted was much greater 
than that required to weigh this, as the stays had to be 
hvokeHf some pieces of which were oak, one foot square, 
a&d about six feet long : these were parted in two, and 
came up adhering to the pump. 

The arrangement (462) is of a somewhat different cha- 
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racier, catches being brought to bear on the cylinder to 
be lifted. This apparatus being dropped through the 
water into the column, is lowered to the second pump 
from the top. This is done by attaching the inverted 
cone to the iron rods, the cast-iron block containing the 
cutters or tongues being kept up to such a height by two 
chains carried up by the side of the rods above water, that 
the steel points of the cutters did not project beyond the 
circumference of the iron block. When it is ascertained 
that the apparatus is fairly in the column, the chains are 
eased, so as to sufif*^ the iron block to descend on the 
inverted cone, which forced out the tongues, so as to press 
against the inside of the pump ; and the iron rods being 
attached to the capstan rope, assisted by three powerful 
winches, working three pair of blocks reefed with new 
whine ropes, the whole is weighed, safely brought to the 
sur&ce of the water, and taken up, the bearers and stays 
being broken as before. 

The ends of the tongue are well steeled, and the impres- 
sions made in the inside of the pump are not more than 
a quarter of an inch deep. 

Model of Mineral Washing Case, (482.) — In some parts 
of Britanny there are immense deposits of the refuse 
from the mining operations of the Romans. These have 
been found still worthy of attention from the quantity of 
lead and silver which they contain ; but this refuse requires 
pecuhar management. The mode of operating may be briefly 
explained. The fine ore, for the treatment of which the 
case is especially intended, is put upon a shelf, and a stream 
of water, which may be increased or diminished according 
to the nature of the ore to be operated on, carries it 
with the assistance of a person to agitate it with a shovel 
on to a perforated plate, which should be of copper. The 
ore is constantly broomed on the plate to force it thi*ough 
the holes, which are pierced in the proportion of 25 holes 
to the superficial inch, and not larger than ^^th of an 
inch in diameter in the lower surface, and about ^Ith of 
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an inch in the upper surface. The ore then passes oh to 
the gutter^ and is there divided by means of a moyable 
piece of wood. It then falls on the head of an inchned 
plane, and is there distributed over the whole surface of 
the case by means of movable pieces of wood, like buttons, 
and is at length deposited at the head of a large trough 
filled with water moving very slowly, so that the heavy and 
valuable matter falls in the upper part of the case, and 
the refuse passes away to the lower extremity. 

Antimony. (481.) — Antimony is a white brittle metal, 
exhibiting in firactiure bright plates or facings, arranged 
in a somewhat crystalline form, but without any system 
or regularity. When pure^ melted with suitable alkaline 
fluxes, and thereby protected from the air, its surfaces 
arrange .themselves in bright femlike, ^crystals, radiating 
with much beauty and variety. 

This metal is obtained almost entirely from the sul- 
phuret of antimony, which is decomposed by fusion with 
iron, and purified by alkaline fluxes. TiU within the 
last 20 years the supphes of antimony have been princi- 
pally drawn from the mines of France and Saxony ; but 
about 40 years since Mr. William Hallett raised the ore in 
Cornwall, and thence principally supplied England with 
antimony imtil its discovery in Borneo, which now not 
only supplies England, but most other countries. These 
mines are now in the hands of Sir James Brooke^ who, as 
Eajah of Sarawak, raises a small Government revenue from 
the royalty. 

The principal uses of the metal antimony are for mix- 
ture with lead and tin for printing types ; with tin and 
copper for Britannia metal; and wiiJx tin for an anti- 
fiiction alloy for bearings, &c., in machinery, it being found 
to become less heated where used for bearings for locomo- 
tive axles, and for collars or bearings, wherever continuous 
and very rapid revolution or rotation is employed. 

The crude or refined sulphuret of antimony is used for 
medicinal preparations, in fireworks (pyrotechny), in che- 

I. B 
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wastry, in hardeomg plninbago for bki^L-fead pencilay and 
flomfitimes in dyeing. The crocus of antimonj (an oxy^ 
salplmzet) is naed in France to dye (boih silk and cotton) 
a beantiiiil rose pink, mnch soperior in tint to any colour 
of tins description prodnced in En^and. Tina is a subject 
well worti^ the Kngtish dyers' inquiry and attention. 

Niekd Ore, Cobalt, and Smdtts (476.>~0obalt iras fiist 
employed by Ghristopber Schnrer, a ghss-mak^, in 1540*; 
and for nearly SOO years it was prepared as cobalt glass or 
smalts without its composition being known. 

It was not tiU the year 1733 that the Swedish chemist, 
Bfandty obtained from this ore the metal which he called 
oobalty and proved that the colouring matter is the prot- 
oxides In 1780 Bergman confinned and extended Brandt's 
results ; and in 1800 the subject was taken up hy the 
School of Mines at Paris, and investigations were also 
carried on by Thoiard and Proust. 

Metallic cobalt is a brittle metal, of a reddiah^grey 
colour, which fuses with difficulty, and has a varying 
specific gravity from 7*7 to 8*7. Cobalt is magnetic, as is 
also nickel, with which it is almost always associated. 
Cobalt has not been applied to any useful purpose in the 
arts, and the interest attaching to it is purely scientific. 
The native combinations of cobalt are, oxide, and com- 
pounds of the metal with iron, ni<^e!, arsenic, and sulphur. 
Nickel is employed in the mannfecture of several of the 
idiite compound metals ; and being usuaQy associated witii 
cobalt, that metal is separated in the process for obtaming 
the nickel A large supply of these metals is obtained 
from Norway, the Norwegian mines being worked by 
Fjiglifth proprietors ; they are also obtained from Hungary 
and the Brazils. 

The beautiful blue pigment, cobalt blue, is a compound 
of cobalt and alumina, and the fine blues exhibited are 
combinations of cobalt, silica, and an alkali. 

Some othnr examples of minerals will be found grouped 
around this portion of the Class, which cannot but attract 
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«;ttQntioQ. Tho&Q iroia ike collection of Mr. Jdon Tayibr 
^a reiiiarkable apecisaeius particularly the ruby aixl 
ziativ^ silvers : they «re mostly foreign oree. 

Examples qf pseud<Mriorphou8 formations from the Vir- 
tuous Lady Mine, near Tavistock (275), are exceedingly 
curious and instructive^ as showing the changes which 
mineral formations undergo ; those peculiar crystaJliza- 
tions- evidently indicating the removal of the body sub- 
sequently to the formation of the case, a crust retaining 
the form of the original mould — which is now left as a 
hollow shell. These remarkable chemical changes indicate 
that carbonate of iron had covered cubical crystals, which 
had been formed on the double aulphuret of copper and 
iron, and had entirely disappeared, leaving cubical cavities 
produced by the crust of carbonate of iron. We have 
thus, it will be seen upon exAmination, several distinct 
actions in this lode dependent upon some change of con^ 
ditioua — in all probabihty (dectro-chemical These af e 
zftth^ of scientific, thaa of industrial interest ; but as 
exhibiting in a very striking maanef the mutations of 
matter, they will merit attentive examinaticai. 

FlatmumyFaHkuiiumf Ekodinm^ Iridium. (477.) — ^Platinum 
ma ori^aUy discovered in the sands of some South Ame- 
rican rivers, and from its similarity to sUver^in Spanisb. 
plata — ^it obtained the name of platina, little silver ; «ince 
altered into phtinnm, to make it a^ree with the usual ter- 
minations of the names of the metals. It is now found 
most abundantly ia i^ Urai Mo^itains, and in Bussia it 
has been used for coins. The process of working this 
metfli was discovered by Dr. WoHaston, as was also the 
Bseans of separating thi9 other metal with which it is 
aJbaM)st always assooi&ted. In this case are exhibited some 
ki^.vesseia made of pMimun, and aibo paUadtum, sepa^ 
rated from it, bo^ in the. pure state and alloyed with 
silver. The great use of pMinum is for the manufacture 
of tiie large boilers used for the concentration of sul- 
pkuiiiC acid. J^otwtthstanding the great coia^ of those, they 
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Mxehr more eoQiMiiiikal than anjotlKW maieiii]^ as they 
remain cntnety unaffitod oq bgr the add. In ahnost eTeij 
fana of mineial anatjais phtinnm i reanclB are emplojed ; 
the great aoouncy now attamwl in thai department of 
reaeazch being in great part due to the introdoction of 
phtinmn Teasfdi into the hbtNratoiy. Bdhdimn alloyed 
with sitrer is used by the dentista. lliis metal pooo e oD e s 
the pecuhar pnqpoty of pvotectu^g silrerfrHn tannahin^ 
by the action <tf hydio^a^aiic add, even when the qoan- 
atj combined with the silver is veiy smaflL 

indinmy osnumn, and ihodioni are also foimd in the 
ores of platinmn ; bat» nnhke the palladinmj the iiidiom 
andosmimn are always nmted, foimiiig a native aDoyof 
exceeding faardneas, the qywtalBne gnies oi whidi are 
mcap^mixed with the paiticiBB containing the other metak. 
Hus native aDoy, from its eyceeding hardbMsa^ has been 
employed to Ibnn the bearing oi veiy dehratp instra- 
ments: itissoparatedfromthepUinnmorebydiaBohi]^ 
the ore in o^wi refid^ the iwminm and iridiom beiqg left 
bdnnd. Rhodiom remains diaeolved in nitro-mnrialic 
acid after the p h tinum and palladiam have been sepn- 
nted from iL Its solotiflnB are of the most bevitifiil 
rosecoloar: the mass of ciystals exhibited diepl^p this 
in a veiy maiked manner: its name is derived from this 

Has is obtained 
ilp,&(x The 




kmon-yellow colonr to flint-f^asB. 

Meimb amd Ifesr ABog^. (4g7.>— The nrer metals^ of 
whidi we hsve just been qpeaking^ will be fbnndin this 
fittle cabinet^ with an the othfflT metak. Then^ for edn- 

amkot prove bnt of conaidenble xakie. 

(Bdttfaiton -iSSi 5Q2.)— The mann&ctnre of 

*«ilmAil afanoet exdosivciy to OomwalL It ia 

■"■p'"'* atate from the * Boming-hooseB.** 

labs fwnM i wi widi long floe^ in whidi the 
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metalliferous ores containing arsenic are ^roasted,'* during 
which operation the sulphur escapes as sulphurous acid, 
and the arsenic sublimes, and is afterwards condensed. It 
is swept out of these, and subjected to a process of puri- 
fication by more careful subHmation. The white arsenic 
exhibited is an oxide of the metal, the metal itself being 
of a dark-grey colour. The uses of arsenic are extensive : 
it is found advantageous, when combined with some 
metals, for certain purposes, and it is used in glass manu- 
fiicture, in small proportions, to produce transparency; 
in larger quantities to produce an opalescence in glass. 

Odd and Silver Befining. (479.)— There are several 
processes by which the separation of g<M. and silver 
firom the less valuable metals is effected. That exhi- 
bited is one practised in the Royal Mint refinery, and 
usually known as the sulphuric-acid process. In the 
first instance, it becomes necessary to ascertain, by 
minute analysis, the proportions 'in which the g(fid is 
combined with the baser metals, and by combination to 
produce an alloy of a given composition ; affc^r which this 
process is employed to extract gold from silver, on the 
large scale, more especially in France, where sulphuric 
acid is very cheap, and nitric acid, which is sometimes 
used in England, extremely dear. The following is the 
process : — ^If the alloy contain oxidisable metals, such as 
lead and tin, and in a large proportion, they are separated 
by cupellation. If their quantity be very small, they can 
be separated, as when copper is in excess, by an operation 
with nitre. Long practice has made known that the 
alloy which is best to act upon in the large way, con- 
sists of— 

Silver . . . 0-726 

Gold . . . 0-200 

Copper . . . 0-075 

It ought never to contain more gold, because then all the 
silver would not be acted upon : and not more copper, 
because the sulphate of that metal, which is formed, being 
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insolnble in concentrated sulphuric aieid, would nol zbdke 
the alloy pasty, and secure it from the actioB of the acid ; 
and there would happen, besides^ jiunpii^ and starting^ 
which might break the vessels. The alloy, purified by 
nitre, is granulated, and 26^ lbs. avoirdupois are introduced 
into a platinuni retort^ and three times their wei^t of 
concentrated sulphuric add poured upon them, and heated 
gradually to ebulHtion.; at the end of three or four hours 
the fire is drawn, and afber one hour the liquid containing 
the copper and silver in solution is withdrawn, and the, 
residual gold washed, but as it is not yet perfectly pure^ 
it is treated a second time with sulphuric, and a third 
and last time by the same acid, to which a little nitric acid 
has been added. In a few^tory there are generally Hev&ni 
alembics ranged together ; a single fire is sufficioit to heat 
three, the fames passing into the some chimney. Above 
each alembic is a head, whose neck commu|ne»tes with a 
tube leading to a channel lined with dead, the bottom of 
which is covered with water, and which is ck>se to the 
furiiace chimneys in which the nitre operation is exe- 
cuted : by these means the workmen are not incommoded 
by the sulphurous acid or by the vapours of sulphuric 
acid. The solutions of sulphate of silver are left; to clear^ 
and the muddy deposit which contains the gold is col-- 
lected. These solutions are weakened with water until 
they mark at most 1 '19 sp. gr. of the areometre, and shps 
of copper are then placed in them to precipitate the 
silver. It is known that the precipitation of this metal 
takes place but very slowly in very concentrated solutions^ 
and the solutions of sulphate of copper, which are of higher 
specific gravity than the above, exercise a sensible oxidat- 
ing action on the sihrer. The silver being separated, the 
copper is allowed to crystallize, forming very beautiful crys- 
tals such as those exhibited. 

Safety -/use and Blasting Cartridges, (Exhibitors 424, 
519, 520, 526.)— The introduction of the safety-fuse in the 
mines of Cornwall has been the means of saving a large 



•BfMmni «f human lile. £7 the rude method of conTeyixig 
$re to the chaige in the hole bored in the roek, in th» 
ordumry prooess of blasting) it frequently happened that 
no. ezpiosion almoet immediately ensued, and the miner 
Has. kiUed or injured in consequence. The safety-fuse is 
now extensively made by machinery : string being cdiled 
so as to form a cylinder receives the powder, which is 
especi&aymanu&ctured for this purpose, and enormous 
lengths are constructed by this continuotts operation* In 
practice, the charge of powder is placed in the hole^ and 
the required length of fuse carried down to it. The hole 
is then filled in with sand or broken rock, which is firmly 
rammed down ; the fuse passing out at ihe top of the 
hde. When all is complete, the miner Hghts the ends of 
the fuse, which, burning slowly, allows him to get away to 
a coosiderahle distance before an explosion takes places* 
In the blasting cartridges, it appears an elastic substance 
is placed on the upper part to prevent the possibility of 
explosion in the process of "tamping ;" and the safety-fuse 
is united with the cartridge to afford facilities in use. 
These, when employed in wet ground or under water, are 
coated with pitch, or sometimes with gutta-percha. 

Cinnabar, (522.) — ^This is the ore fi'om which the largest 
quantities of mercury (quicksilver) is obtained. 

This curious fluid metal is foimd in many parts of 
Europe : the principal mines being those of Idria, in 
Austria ; of Almaden, in the province of Manche, in Spain ; 
and the mines of the Palatinate, situated on the banks of 
the Khine. There are also some mines in Hungary, in 
Bohemia, and some parts of Germany ; but the quantity 
they produce is comparatively small. 

The great use of mercury is for the purposes of amalga- 
mation — separating gold and silver from the ore — ^in the 
New World. The mines of Guanca Velica, in Peru, has 
afforded considerable quantities of mercury, and some, but 
not large quantities, have been foimd in Mexico. In the 
northern part of California are solne extensive deposits of 
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the cinnabar exhibited, which if productive must prove 
of the utmost importance to that gold-producing district. 

The quantity of mercury employed in the amalgamation 
process may be judged of from the &ct, that, when the 
mines of Mexico were in full work, 2,000,000 pounds were 
annually employed. 

The mercury is separated £rom the cinnabar, which is a 
sulphuret of the metal, by a distillatory process : 7,66G 
grains of the ore exhibited is said to have produced 5,160 
grains of mercury. 

Modd of Ocid found in California, — This is a fac-simile 
of one of the largest lumps of gold ever found in the gold 
washings of California. The original mass is the property 
of the Bank of England, and is exhibited in the Central 
South Gallery, in the case of gold and silver manufactures 
belonging to Messrs. Gkirrard and Co. It is instructive, as 
showing the size to which gold n^ay exist in the lode to pro- 
duce a roUed pebble of the size of the model exhibited. 
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Class XXII. — General Hardware, Part I. ; ]— | 
INCLUDING Locks — ^Birmingham. ^l — i 
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. Situation of Class 22. It commences from the , _ 

Main West Avenue with the Medioeoal Court; occupies iH J I 

a frontage between the Pillars L. 29 and 24, the space a | 1 1 

allotted to Birmingham being the square between L. ^7 if 

M. and O., 27 and 24% 'It extends along the Central % • I 

South Avenue from the Australian and Canadian "| I 

Courts to the Western end of the Building, Sheffield •{ | 

occupying the space between this and Main Avenue sj ^ | 

marked by the Pillars M. and 0., 18 and 21. ..? 1 ? 

•-I § 1 

Position of Groups, (Numbers referring to Pillars.) ^ 7 I. ? 

— ^Loeks, L. M. 28, 29. — ^Iron and Bronze Cajstings, 1*1 J | 

L. 25, 26.— MediiBval Court, M. N". 0. 28, 29.— Brass 5 1 1 1 
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o 
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Furniture, L. to O. 27. — ^Birmingham wares, L. to ^- 1 T 

O. 25, 26.— Sheffield, L. to 0. 18, 19, 20.— The CgJ"? » 

Corridor, from O. P. 2 to 0. P. 29, is occupied by ^"'•l ^j i i 

Exhibitors of Stoves, Kitchen-ranges, Grates, Gas- ' ^| ^ I 

stoves and Burners, Baths, Safes, Japanned Goods, ^ | ' | 

Wire Ropes, and Brass Furniture in General. ^| ^"^^^^ — \ 

ThiaClasB has been associated mthCaassl, 6'|p|-pr 

as representme the results of human labour „? F . 4 t — ? 

exerted upon'the mineral productions. Tins ^I-l |_U 

extensive Class is situated most convenientlj "iot* 

near the Class of Mining and Metallurgy. '^ 1 1 1 

It will be obvious to every one, that, in bJ* | m 

dealing vrith the numerous articles within this gT""? g 

group, it is quite impossible to do more than ,«''f ?"lf — 1 — f ' 
name the particular groups of objects. Slight "11 Sf I — I 

peculiarities in particular examples cannot be *. , |-X « 

noticed : this is the less important since, in ^ (^ j 

most cases, the articles speak for themselves. s| 
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most cases, tne articles speak for themselves. S| 1 1 » ^ \^\ 
It will be of course necessary sometimes to g] ** | Hf T ?• 7 
allude to a special peculiarity, but, in doing '"~|as^*^'' 
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this, every care will be taken to avoid any invidious 
distinction. It must be remembered that the Handbook 
is intended to be purely descriptive, and, it is hoped, in- 
structive ; therefore, neither censure nor praise should be 
found in its pages. This explanation is necessary, since 
the attention of the Editor has been, in nearly every case, 
called to the pecuHar merits of this or that construction ; 
but these he desires to leave to others, contenting himself 
solely with the descriptions of manufactures. 

Locks of various kinds, (Exhibitors 646, 647, 648, 649, 
650, 652, 653, 654, ^m, 657, 659, 660, 661, 663, 671, 672; 
673, 674, 675, 678, 679, 680.)--To describe the peculiarities 
of the various kinds of locks exhibited within this group iis 
obviously impossible. The principle upon which aU locks 
-tdepend is the application of a lever to an interior bolt, by 
a communication from without, so that, by means of 
the latter, the lever acts upon the bolt, and moves it in 
such a manner as to secure the Hd or door from being 
opened by any push or pull from without. 

The security of locks, therefore, depends upon the impe- 
diments we interpose betwixt the key and the bolt. These 
are called ward?,9iSxdL by the number and intricacy of those 
a good lock is generally distinguished. These wards should 
in an effectual mannev preclude the access of any other 
instrument except the key, to be perfectly secure^ and this ia 
accomplished in but few locks. The locks exhibited dist- 
play a large amount of ingenuity, and, as illustrations of 
vsmithery, must be regarded with much interest. Wolver- 
"^ampton and its neighbourhood is peculiarly the district 
in which locks are manufiactured. It is a curious poini^ 
-showing the division of labour^ that making of keys in 
their rough state is, in most oases, made a sepfixaiie braooix 

Sii industry- 

The specimens to illustrate the rise and progress o£ 
lock-making (663) are instructive. In this historical serie» 
of locks we find Boman, old French, Medisaval, and old 
English. At the top. of the central piUar there appeals 
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the arm of a lever, which communicates, by hidden works 
between each disc, with every lock on the stand, and, by 
one movement, shoots the bolts of 37 specimens. As the 
prodnction of a workmg man this will have especial interest. 
The same exhibitor has some ingenious and novel locks 
associated with those. 

After the improvement of warded locks, we have the 
introdnction of tumhlers, a kind of latch, which, acting by a 
spring, detains the shot-bolt in its position until a key lifts 
it from its place and leaves the bolt at liberty. Tumblers 
are introduced in a variety of shapes, and in varying num<> 
bers, but in all of them the principle is the same^ 

The principle of Bramah's lock consists in a complex ar* 
rangement of shdes, which fall into notches in a shot-bolt^ 
and detain it in that position imtil they are removed 
from their position ; but as each of these sliders has a pe- 
culiar motion of its own, and as every one wiU retain the 
bolt, the amount of security it affords is very great. The 
]ast well-known working improvement was that effected 
by Chubb and Hunter, and consists of a new arrangement 
of some of the old features, and the introduction of an 
entirely new one, called "the detector." Improved by the 
patentees at various times since the first invention, Chubb's 
locks now consist of six distinct double-acting tumblers,^ 
which each require lifting to a fixed position, neither under 
nor over, before they will allow the slot of the bolt to pass. 
There are no means of ascertaining the precise lift of either 
of the tumblers, and much less chance of hitting upon the 
required lift of the combination, so that, even so far, the 
Chubb lock has its advantages over those constructed 
with fewer tumblers. The " detector," as its name im- 
plies, is an arrangement by which an attempt to open the 
lock by the intrusion of a wrong key is made palpable to the 
owner of the right one, for if a tumbler be lifted out of its 
place, the detector spring catches it and holds it in that 
position, and when the right key is introduced, the failure 
of its action intimates the attempt at surreptitious en- 
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trance. To release the tumbler and allow of the shooting 
of the bolt^ all that is required is the backward turn of the 
true key. The varying changes which it is possible to intro- 
duce into these locks ahnost defies calculation, so that in 
addition to the security afforded by their formation, it is 
almost possible to supply every man in the kingdom with 
one which no other key but his own shall open. We have 
in Bramah's locks a combination of the horizontal and 
rotary motion with sliders, and in Chubb's an extension 
of the number and improved action of the (tumbler, with 
the addition of the detector. The principles- here broadly 
stated are found more or less in nearly every improved 
lock made public within the last few years, and we know 
of none which can boast of being more than a variation of 
one or other or all of these principles. 

Iroviy BranzCf and Brass Castings, and nuT/ierous others »n- 
iroduced in ornamenting manufacture. (Exhibitors 486^ 
381, 340, 641.)-— The ornamental metal castings of this 
country have not been hitherto in any way remarkable. 
The bronze castings of the French and the iron castings 
of Prussia have exceeded the productions of any British 
foundry in delicacy of execution and correctness of design. 
The delicacy of the iron castings of Berlin has led to a 
belief that some peculiarity existed in the iron ore em- 
ployed, and that the remarkable sharpness was due to phos- 
phorus or some such element producing fluidity. There 
are, however, good reasons for behoving that the effect is 
due entirely to the very high temperature to which the 
m^tal is brought previously to casting, since it appears 
that even EngUsh iron is often employed to produce the 
ornamental castings of the Continent. 

An e2Lamination of the works from Coalbrook dale, and 
the numerous small castings from other districts, which 
are to be found on the grates, mantel-pieces, railings, lamps, 
&C., suficientiy prove that the attention of the English 
manufacturer is awakened to the importance of associating 
art with manufacture — of giving forms of beauty to those 
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objects which are intended for the most fiamiliar uses. It 
may be sufficient to state here that these castings are all 
produced in moulds of sand, the sand being selected of a 
peculiar and fine character when required for delicate 
works. The bronzes are compounds of copper and tin in 
variable proportions. The or-molu works are copper and 
zino^ or brasses. In some of the examples the original 
colour of the metal is retained, in others it is coloured by 
the lacquer which is apphed. 

BiBMIXGHAM. 

Passing by the Mediseval Courts by the Coalbrook-dale 
specimens, we arrive at the section devoted to Birmingham 
manufacture, the importance of which demands an especial 
section. 

The greater part of the articles most commonly manu- 
factured at Birmingham are not produced in extensive 
factories in which large capitals must be employed for 
the erection of machinery. Almost aU the small wares of 
the district are made by workmen, who undertake, each 
one in his particular line, to execute orders veceived by 
the merchants and agents settled in the town. The pro- 
fitable performance of their contracts, however, calls for 
the employment of a cheaper kind of power than is at the 
command of men who, like these workmen, have little or 
no capital ; and this course of business has opened a chan- 
nel for the employment of money in the town, in a manner 
which is found to be profitaMe to those who engage in it, 
and advantageous to the small manufacturer. The plan 
alluded to is this : a building, containing a great number 
of rooms of various sizes, is furnished with a steam-engine, 
working shafts from which are placed in each apartment^ 
or workshop, which is likewise furnished with a lathe, 
benches, and such other conveniences as are suited to the 
various branches of manufM^ure for which the rooms are 
likely to be needed. When a workman has received an 
order for the supply of such a quantity of goods as will 
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occupy bim a week, or a month, or any other given time 
for their completion, he hires one or more of these rooma^ 
of sizes and with conveniences suited to his particular 
wants, stipulating for the use of a certain amount of 
steam power. He thus realizes all the advantage that 
would accompany the possession of a steam-engine ; and 
aa the buildings thus fitted up are numerous, competition 
on the part of their owners has brought down the charge 
for the accommodation they offer to the lowest rate that 
will ensure to them the ordinary rate of profit on the 
capital employed. 

At the same time as this peculiarity exists in this great 
metal mart, it must be understood that there are some 
most extensive establishments from which many of the 
largest contributions to the Exhibition have been re- 
ceived. 

Gas FitHngs, combinations of Metal, Glass, and Por> 
eelain. (373).— -Many of these are of an original kind, ex- 
hibiting some excellent specimens of sand-casting, fitting^ 
and lacquering. A peculiarity will be observed in the shades 
which are suspended on the burners, which reflect, and at 
the same time are not entirely opaque, being formed of 
flint glass coated with smelt (a kind of enamel). 

Metaaic Bedsteads. (Exhibitors 370, 371, 372, 373). In 
the first series we have the peculiarity in the pillar being 
made out of one tube, producing a taper pillar by a new 
process dependent upon the expansion of metals. The 
union of glass, opalescent and coloured, with stamped brassf 
foundry, wiU be noted in the curtain-bands and holders: 
the cornices which range along the back evidence the sus- 
ceptibility and ductility of rolled sheet metal to receive im- 
pressions by means of the stamp. Under the shades in 
front, the union of Parian with brass will be observed occa- 
sionaUy contrasting its delicate hue with the rich colour of 
the bronzed metal work. We need not here remark, that the 
operation of cleaning metal is the result of acid, the bright 
eflect is produced by burnishing with steel tools, the whole 



protected from oxidation by meaiis of lac Tarnish applied 
when the metal is moderately heated on a store. An 
imitation of the bronze of antiquity is given in a &ir 
minutes also by the action of acids, and its various hues^ 
the result of after-coatings with transparent varnish, 
which alters its tint from a deep black to a delicate and 
rich brown. 

Some peculiar examples will also be found down the 
passage^ marked ^ Brasaes^^ in the plan, in addition to those 
which have ab-eady been described in the last Section. 
Those numbered 371, consist in casting the several parto 
together, that is to say, the iron rods which form the head 
and foot rails, being bent into proper form, they are laid 
in moulds having ornamental portions sunk therein, and 
the various joints are united by filling the same witli 
melted iron, which effectually holds them together : it ia a 
cheap and clever mode of effecting a union of parts. 

Birmingham brass manufacture is a striking feature de* 
manding some notice. Brass is composed of copper and 
spelter, varying in its composition accordmg to the pnr- 
pose to which it is intended to be applied ; when meJiied 
it runs with facihty into sand-moulds ; when cast into 
ingots it can readily be rolled into sheets, drawn into 
wire, formed into tubes, pressed into the most compli* 
oated forms ; can be filed and turned, bronzed or deao^d 
by acids. 

Moulding is employed to produce the article in its rough 
state, and may be said to be the first stage of the work ; 
previous to this, however, the pattern has to be made, and 
if an ornamental one the aid of a designer, modeller, and 
ohaser will be required ; the first of which makes a drawing; 
the second a fac-simile in wax, which is cast in lead, and 
committed to the hands of a chaser, who regam it, and 
having a cast made in brass puts in all the details : this ia 
then sent to the moulder, with a box fonned in two 
parts, which he separates, and one-half of which he places 
with the face downwards upon a board. If the pattern is 
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flat he lays it in, and after riddling sand upon it, fills up 
the remainder, pressing it hard down : having scnqied off 
the sand which is not reqidred from the top of the box, 
and introducing another board, he reverses the same; 
having dusted the fiice he places the other half of the box 
on the top, and repeats the operation of filling with sand. 
This done the two parts are separated, the pattern or 
model removed, ^ a gate" made for the introduction of the 
melted metal : the box is then closed, held together with 
screws or clamps, and the metal which has been melted in 
an air furnace and in a clay crucible is poured down into 
holes of the box, and fills every portion of space left un« 
occupied, thereby producing a perfect copy of the modeL 
Holes are cast into articles by the introduction of pieces 
of sand, technically called ^ cores." The casting is now 
placed in the hands of the workman ; if round it is turned 
in the lathe, if square or flat it is filed, if an elaboration 
of detail, such as leafage, figures, &c., it is rifled and 
chased up. The appearance of dead gold is given by 
immersion in acid ; the bright portions by means of steel 
tools or burnishers ; and the final touch or operation is the 
protection from tarnish or oxidation, by means of lac 
varnish, which is applied with a camel-hair brush, the 
article having been previously heated. Bronzing is the 
result of the action of an acid, and its colour or shade is 
determined by the varnish employed as a protection, the 
article havmg previously been brushed up with black 
lead. 

0<u Cha/ndeliers^ Stands^ Lamps^ Ac. (Exhibitors 300, 
32, 340, 343, 346, 348, 349, 351, 355, 373.)—- The Exhi- 
bitor (323) first applied Parian china in connection with 
brass. Many of his objects will throw some hght on the 
art of sand-casting, all such articles as are included in this 
section being produced by the process we have described. 

Metamc Pens. (Exhibitors 324, 325, 326, 327, 328, 338, 
339.) — ^Metallic pens have long been occasionally employed, 
but the extensive introduction of steel pens may be said 
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to have taken {dace amce 1828, when Mr. GiUot invented 
a machine for making them, and 1830, when Mr. Perry 
overcame the difilculty of stiffness by the use of apertures 
between the shoulder and the point. Since that time the 
improvements have been very nimierous, and the con- 
aeqo^it manufacture greatly increased. It has been 
estimated that the quantity of steel made into pens 
annually is nearly 150 tons. In one establishment only in 
Birmingham 500 hands are daily employed ; of these 400 
aire females. The process of the manufacture cannot be 
better described than in the words of a steel-pen manu« 
facturer : — > 

^ The history of a steel pen is among the wonders of the 
present day; it is to us what pinmaking was to our 
axicestors — a thii^ to be wondered at. We have the ore 
smelted and converted into iron, and the same changed 
into steel ; then it is rolled into ordinary sheets, in which 
state it is received from Sheffield, when it is cut up into 
strips, pickled to remove the scale, and reduced also by 
rolls to the requisite thickness. In this condition it 
is passed into the hands of a female, who is seated at a 
small press, worked by hand, and who cuts out with a 
single blow a thin flat piece of steel, which is the future 
pen ; sidcnslitting and piercing then follows, which is also 
performed by hand-press, fitted up with punch and bolster ; 
thereafter the blanks in this condition are annealed in 
considerable quantities in a muffie; stamping with the 
maker's name then follows; pressing into the concave 
form is the next process, and the operation of forming the 
barrel (if a barrel pen) is now completed. Hardening — an 
operation which requires no little care and attention — ^is 
also performed by heating in a muffle, and when at a 
proper heat they are immersed in oil; the oil is then 
cleansed off them by agitating in a cyhnder, and scouring 
follows by the same method, with the exception that 
pounded crucibles and other cutting substances are in- 
troduced along with them, which in the end produces on 
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one and all a bri^t sur&ce. The gnnding on the poiitt> 
&c., is performed oa an emery wheel, and is efBected with 
great rapidity. In tluB state the pens are passed to the 
** slitter," who is provided with a pair of cutting tools, 
which are fitted into a hand-press. Their accuracy in 
fitting is such that a careful examination is necessary to 
detect that they are not one. The pen is rested upon the 
portion attached to the bottom of the press, the handle 
tamed, and the sht is made. The slit of blue and straw 
colour with which the pens are ornamented is also pro- 
duced by heat ; the pens aro introduced in large quanti- 
ties into a cylinder which is made to revolve on a charcoal 
stove, and the change of colour is watched ; when that 
which is desired is obtained, the cylinder and its contents 
are removed. The brilliant appearance of the external 
aor&ce is given by lac dissolved in naphtha; heat is 
thereafter applied, when the spirit is evaporated, and the 
lac alone remains, lending to the pens that brilliancy of 
finish which adds so much to their appearance." 

Pens are also manufactured and exhibited in gold, pal-> 
ladium, alloys of gold and silver, and silver pens pointed 
with the native alloy of osmium and iridium, already 
named in Class 1. 

Button, (Exhibitors 278, 279, 281, 282, 283, 284, 285, 
286, 287, 289, 290, 295, 300, 302, 305.)— ilfctoZ Buttms are 
now cut out of rolled metal, which, received in sheets, is 
cut out in blanks or flat circular discs of metal ; the eyes 
are made of wire, bent into forms by a machine, and are 
. attached to the other portion by soldering ; they are then 
trimmed up, gilt with amalgam of gold, and burnished by 
hand. The metal buttons, with the raised designs on their 
surface, are manufactured in the same manner. The discs, 
which are much thinner, have the impression or design 
raised on them by means of a steel die, sunk in intaglio, 
with a correct copy of what is intended to be introduced ; 
the die is held at the bottom of a stamp by four screws, 
and the reverse is attached to the fEiUing hammer ; on a 
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succession of blows being struck, a correct eopjr.of tbe die, 
m relief will be prodnoecL This is tksn fitted to the bAck^ 
and the two portions checked together: the rioh bromfc 
bronze colour is given by means of an add. Ordinary 
four-hole metal brace-buttons are cut out and pierced by 
means of the press. When burnished they are done by 
the lathe with great rapidity, as a knowledge of the price 
will at once suggest. Olass Buttons are pinched by means 
of a pair of pliers, having the shape of the button sunk in 
their mouth : the glass being melted, is easily, in its plastic 
state, pressed into the req^uired form. Ihis portion ci 
glass is then biunished into a back, or the eye riveted iiu 
The combination of glass and metal for buttons is effected 
by a very diaracteristic process. The metal foil is plaeed 
on a sort of iron tiay, and the |»eoes of glass, either oo* 
lourless or coloured, are placed upon this, a flux having 
been previously applied. The whole is now placed in a; 
furnace, and the proper temperature being attained, lite 
glass and metal enter into perfect combinaticm, so thaity 
when broken into pieces, the glass breaks off with it pieoeB 
of the meted. Having this metaUic backing, the eye of the 
button-is soldered in by the blowpipe after the glass has 
been cut and polished. 

Sbm Buttons are produced after the same manner. Id 
its heated state horn is exceedingly well adapted to re- 
ceive impressions. In the majc»nty of instances the eye is 
introduced at the same time at which the impression is 
given. 

Covered Buttons are made by means of a press, the dif- 
ferent portions, whether of metal or cloth, being cut out 
by punches, the metal porticms by soHd punches, the 
other, or the cloth, by those of the same construction as 
is employed to foim the ordinary gun-wadding, the stiff 
canvas and metal discs being arranged in proper order in 
a suitable bed, the press descends and unites the whole 
into one. It will, of course, be imderstood that this ap- 
pHes to all the varieties of the Florentine buttonah— and 
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those covered with silk, satin, or leather. In IddO, in this 
branch of maaidacture there was o<HiBuxned in Birming- 
ham of--* 

Florentine lasting .... 47,865 yards 

Irish Knen 3,011 

Silks 2,162 

Satins 1,182 

Velvets . 1,017 

Strong canvas ...... 26,587 

Inj^dition to the above, doth and leather with several 
other materials are employed m addition to the metal 
and button-board. 

Bone ByMoMy as the name indicates, are formed oat of 
the animsJ substance which bears the name, shank-bones 
being used for the purpose, and which are cut down into 
thin layers by means of small circular saws, the grease or 
fat having been previously taken out of them by boiling. 
By an ingenious but simple combination of cranks^the 
piece of thin flat bone is held while two revolving single- 
point cutters cut out a disc from the portion hekL The 
holes in the centre of the button are made by one opera- 
tion : four revolving drills being set in motion, and the 
button pressed against them, the perforation is the woirk 
of an instant. Hie brilUant surfeuse is given by whit^aing 
and rag being held against the button while it is revolving 
with great speod. They are stained black with logwood : 
other colours are also produced by vegetable GS mineral 
substances. 

Wood BtUtom are cut out in the same manner as the 
bone variety, and by the same processes, but, in addition, 
they are French-pohshed and varnished. 

Fearl Buttons are cut out from the shells of the oyster, 
imported for the purpose, by means of small saws of a 
trepan construction, which revolve in a lathe, and detach 
the portions which can be made usefuL They are then 
split into horizontal layers, and rendered equal in thick- 
ness by means of a rasp. The holes are in this variety of 



M. N. 85.] WIBE^DBAWIKG. 03 

button made separately, and the indentations, cuts, or or- 
naments by small steel bobs cut on the outer circum* 
ference. lliey are polished by means of rottenstone, when 
eyes are inserted. The back of the button is perforated 
with an under-cut aperture, and the metal eye, -with the 
end reduced very thin, being introduced, is tapped sUghtly, 
which expands the thin metal and prevents its removal. 

At one period only the white portions of the shell were^ 
used, the other parts being rejected. With the alterna- 
tions of fiifihion, dark shell buttons have been introdyced, 
and those portions of the oyster which were previously 
rejected — ^that is, the outer portions of the shell — are now 
of considerable value. The manufacture of buttons of 
various kinds, in Birmingham alone, gives employment. to 
400 women, who are assisted by children. Men being 
generally employed to correct the tools and attend to the 
machinery. 

W%r&-drawing and Working. (Exhibitors 323, 332, 334, 
336, 337^ 353. — ^The rough and rude bar of iron is trans-» 
formed in about a couple of minutes into a round wire 
rod, 100 times the length of what it originally was ; and 
after repeated annealings and cleansing by immersion in 
pickl^ to take the scales ofE, and after being passed through 
various holes in a steel plate, it is gradually reduced in 
size till it becomes almost as fine as a human hair. 

The construction of plates for wire-drawing is an opera* 
tion of considerable nicety, requiring the utmost delicacy 
of adjustment in the tools with which the holes are driUed* 
The art of drawing wire exceedingly fine appears to have 
been first effected at Nuremberg, by Anthony Foumier, in 
1570 ; and gold and silver wire was first made in that city 
in 1592,byHage]sheimer, who appears to have brought the 
art ftom Italy, and employed it for weaving and embroider* 
ingflilk. 

■ Up to the present time the process of drawing exceed- 
in^y fine wire has been most perfectly performed on the 
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Continent. The very fine holes for the producilon of tiie 
wire used in paper machines, and similar kinds of apf»-- 
raivtSy producing a net with 22,000 meshes, is still pur- 
chased abroad. 

Jewellery, (Exhibitors 294, 966, 299.)— These are pecu- 
liarly examples of the great staple of Birmingham. The 
contributions of this class are not large, but they will be 
found, for the most part, weU deserving attention. The 
exhibition consists of chains, bracelets, armlets, finger- 
rings, pins, and studs. Some choice examples of Mgree- 
work show the degree of perfecticm to which this dass of 
manufacture is brought in this country. Pencil-cases, pen- 
holders, seals, keys, &C., complete this groupu 

A selection of these articles and other gold and silver 
wqirk will.be found in the Gallery, to which, in its proper 
place, attention will be directed. 

Medal Diesinkmg and Coming, (Exhibitors 264^ 271» 
SnrS, 310.)-^Dies are formed out of steel laid in some cases 
in iron. Small handle tools are used for cutting the matrix ; 
tha workman uses a glass the better to examine the pro- 
gress of his work. The inscription is introduced by 
punches. Hardening of a medal die is accompanied by 
risk. The production of a medal after a die is sunk is an 
easy matter, and is accomplished by means of a large 
screw-press, on the top of which is fixed horizontally a 
balance-wheel ; the blank which forms the medal is turned 
smooth if of block tin, and introduced Into the die. Mo- 
tion is imparted to the fly-wheel, whic^ carries down with 
it the obverse die of the medal, imparting to the metal ihe 
impress thereof ; if the medal is made of some harder 
metal it mn»t have a few annealings, and a sum of blows 
to bring it weU up. 

Wood Screwt, (Exhibitors dl6, 3I8.)-*-These are made 
from iron wire ; the head is raised in a die by pressure ; 
the worming is effected by a screw, which traverses the 
back of the spindle^ aod forces the clams c^itaining the 
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bknk or nncut iron forward against small cutters, which 
rip or cut out the thread. SHtting is done by small cir- 
cular saws. 

Cut Nails, (315.) — These are made from sheet-iron, 
wMch is cut into strips, and is held before the chisels, 
operated upon by power, which nip off so much in width 
9& is required to make a nail. A pair of grips lay hold of 
the piece of iron as it is disconnected, while a blow with 
a horizontal hammer completes the manufacture of the 
nail by flattening the head. 

Pins, (Exhibitors 278, 335.) — Some improvements have 
been made in pin-making. The heads are now in general 
soHd, not formed by two revolutions of wire as formerly. 
The wire is drawn by the ordinary process ; is straightened 
by being drawn between a series of studs ; is cut to lengths 
sufScient to form two pins pointed, in smaU revolving files, 
Hie rough outside being first removed by a coarse file, the 
Iwre is then smoothed by another : heading is effected after 
the manner described in nail-making, viz., by a horizontal 
hammer. Whitening is done by boiling them in tin solu- 
tion ; they at© then dried out, selected, and papered up. 

Stamped Brass, (Exhibitors 261, 263, 274, 353, 356, 362.) 
— ThecJe specimens consist of window cornices, curtain- 
bands, comioe-pole ends, all of which are made out of 
flheet-metal by stamping, a process which may be described 
as practised thus : — A steel die, having what is to be raised 
in rehcf sunk in the reverse, is placed under a stamp, be- 
tween* the upright rods in which a heavy mass of metal 
"WoricB up and down, by means of a cord passing over a 
puDey, to which it is attached. The die is fiistened by four 
screws to the bottom of the stamp. To the hammer is 
attached the force or counterpart. The plate of metal to 
be raised is laid thereon, the hammer is raised, falls, and 
piroduces an indentation ; repeated blows, and the substi- 
tution of " forces," more prominent as the rehef advances, 
is introduced, until every detail of the die is marked. 
The metal is annealed between each blow. The cleansing 



96 KEEDLES.*— GUKS ASrO 8W0SD6. [CUmXXII. 

Up ia the same as is employed in punching cast brass- 
foundry. Another exemphfication of the use of stamped 
brassfoundry will be found in the stamped work for gas- 
fittings, and the contributions of metal produced by roll- 
ing tubes, &c. Metal, when to be rolled, is cast in ingots, 
and is laminated by being passed through iron rolls, which 
revolve by steam-power. Brass or copper tubes are formed 
from thin sheets of metal, cut to the proper width, and 
rendered concave in the entire length; brought into a 
tubular form by being pulled through steel holes. The 
edges are then held together by wire ; solder and borax 
mixed are laid along the seam, and fused by being 
passed through an air-furnace. The extra solder is then 
cleansed off by filing, and the tube drawn again through a 
steel hole, when the whole is said to be finished. 

Needles and Fish-hooks, (Exhibitors 329, 330, 331, 334, 
335.) — ^Needles are manufactured from steel wire. The 
wire is cut into lengths sufficient to make two needles ; 
these are collected into bundles, and straightened by a 
peculiar process ; the grinder takes a number of these 
pieces in his hand, and causing them to rotate on a grind* 
stone, points them ; he next reverses the ends and effects 
the same result They are then cut in two, flattened on 
the end, and eye-punched either by children or machinery ; 
the roughness is removed, and the eye smoothed by filing. 
The process can be examined in the Department of Ma- 
chinery in Motion, needlemaking being carried on during 
the day by a very nice small machine. They are then 
tempered in quantities, and pohshed by being gathered 
together and made to traverse a horizontal hearth or 
table, and some abrasive substance lubricated with oil 
being introduced amongst them : soouring, winnowing, and 
sorting then follows. 

Gum and Sword* will form the subjects of distinct con- 
sideration. 
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CiiASS XXII. Part 2.— Sheffield. Iron and General 

Hardware. . 

Situation of Sheffield. — Passing out of the Section devoted to 
Birmngham, and walking westward past the Area devoted to Fumi' 
ture, we reach that department, between the Pillars L. M. N". 0., 17 
to 20, which is devoted to the characteristic Manufactures of this 
important town. 

One branch of manufacture carried on in Sheffield has 
been very greatly extended during the last few years, until 
it has now become of considerable importance — this is the 
conversion of iron into steel ; a process which is performed 
to the extent annually of many thousand tons, a con- 
siderable part of which is exported in au unwrought form. 
The town of Sheffield in 1835 contained 66 furnaces 
for converting iron into steel ; besides which there were 
62 establishments, containing 554 furnaces for melting 
steeL The original conversion of the metal into blistered 
steel occasioned the use of about 12,000 tons of coal in the 
form of coke, and the subsequent processes required about' 
81,000 tons in addition. The various manufactures of 
cutlery and plated goods carried on in the town, consumed 
about 200,000 tons, and 38,000 tons were the estimated 
allowance for the working of steam-engines, of which there 
were then 74, of the aggregate power of 1,353 horses. If 
to these quantities are added 184^000 tons as fiiel for 
household purposes, it will appear that the entire con- 
sumption of coal in Sheffield amounted in 1835 to 515,000 
tons, the whole of which was taken from collieries in the 
immediate vicinity of the town. Five-sixths of the iron 
used, for manufacturing purposes in Sheffield is of foreign 
production ; only 2,000 out of 12,000 tons consumed in the 
year is of British origin. Since the improvements in 
British iron a very much larger quantity of our own iron 

I. F 
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has been converted into steeL The cost of the fuel forms 
just one-third part of the expense of converting and cast- 
ing steeL 

SieeL Tntreductotff Bemarke: im^portanoe of Qtudity. (Ex- 
hibitors 184, 187, 190, 199.)— 4t will be obvious, even on 
a cursory glance at the rest of the large collection of 
articles exhibited by tite manufacturers <of Sheffield, tiist 
the reputation of a place "which has acquired a world-wide 
renown for the excellence of its cutting instruments, is 
admirably sustained, as far as form and finish are con- 
cerned, by the contributions enumerated in the Catalogue. 
It is neoessaiy to make this piwKiHOTiMy remaik, becautt 
that whisch cinutituies so esscntiftl an ejomfi&t of vskie ia 
the leactiDg«a!%iole8 of the ou&erf irttde, lor vdiieh Sfattffield 
has boen feaaoiss i^r ooEituries, vaaL, ^irn^if, is soaaraely 
appreciable, even to a practiBed eye, eitber isi the moi- 
tallb material, as presenied iat its uB!wr<Mi^bi fomi, or 
a£ber the suocesedve apphcatiens of the ksmmer, tlM ^^ 
the griading-stone, and the pclisher. As, thwafiane^ nei- 
ther the firsoness of saws, tibe durabiiitj of Axas, jxat th» 
wear of files, any mnare ihtsn the iempenaog of rasors, the 
aettoB of BcisfKics, or the peaf oraMnoeB of potest and 
table cuilery,can be sufoinitited to any sailasSaucitsry test of 
comparative merit in the ExhibitksD, the reputation of 
individual maiUifacfammcB, and the haixl-«anied celebrity 
of their oommon focus <of indjostriid enterprise, may he 
safely left to voudi for the qpuMj of w«xes, the worknna- 
ship of which is so genenJiy and ohrioualy superoxodleniy 
even in articles of whieh ««w and not beatUy is the leading 
recomm^^Kiation. 

It may be mentioned, in passing, that, while in the &zw 
ruginous dis^ct, anci^xtiiy called ** HJallamshire," and of 
which Sheffield, surrounded by its productive coal-work% 
is the modem capital, not a single ounoe of it&a ore is «t 
this moment smelted, the manufacture of steel, espe- 
cially so finr as the conversion of the best foreign irons 
is concerned, is carried on to an extent, not equalled in 
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saty oilier part of the -world. The Teaaik of all the to^ 
naoes at (present in operation loemg not less ihsM about. 
50,000 tons aniraaHy, tfaipae^orths of which, At least, as 
made froot foreign iroms; and of the wbole aamouiyt 
nearly 20,000 tana is ezpoitesL in bars, &c., to the United 
States. 

X>f tJ&e lasge ^cpumtiiy tSsms undeigoaxig the imteasestijaig 
proceas of oenteroMton (l^^^X ^orexposore to the loDg-ooDr- 
tinned adaon of heat in stone oofifens filled Mithgramdatod 
chavooid, hy whixsh it is oanrnrted into iHatered steel (190)^ 
one porfaiefn is afterwards Buibndtted to the opembioii 
locally imoBA t^ainmg, ue^ xe<heatiB& doablisig, iroldiciig^ 
asad drawing out the hare under a tilt^haamnery Mntil thejr. 
are saffideiztly ■coEidfiaiiBed in tezturB^'and reduced to th» 
sises recfobed. Another portion is refined hy hrasking u^ 
the blistered bars into fragments^ and melting them in t^ 
cracifoito made of SttnsbcddgB day ; the hxpM metal larang 
then poured into on iron meidd, by which means a block 
of steel caJited an ingot (190) is cast, and after?R»rds v»- 
dnoed, hy iike ageney of tilting or ndhxkg, to bars, sheeted 
and rods of the sizes reouived .by the artisan. NumeRnis 

(109) ; and they are interesting, not oixly as iflostrati&g aa 
important stage in the comversian of one -ef i^e tsommonest 
mineral products into articles, some of which surpass in 
their uiktaBnate valae their own weight in the precious 
metals, but as showing Idso (199) the condttian in whidh 
many thooBBDd teas of steel aro annmdly esperted to the 
United States. 'Oust homBHmade ibar-cran of the lowesb 
qtnhty is sometimes sold for as HtUe as 8Z. per ton, whil» 
the best foreign produces as mudh as 342., having been 
much higher a few years ago. The matthst vsikae of Ito 
letter being increased to 7S^. per ton, ia the fonoa of tilted 
bar, after connrersion into best east-steel ; .and as there is 
alwB^rs in the market an indefinite number of intermediatB 
quahtiee, as well of home as of foreign make, it is not 
suTprismg that the English in)n-*master i^oidd hare en- 
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deavoured to bring the best produce of his own forges 
into practical comparison with that of Danemora and 
other northern mines. This endeavour, laudable not only 
as tending to enhance the relatiye Tahie of one of our 
most important native sources of national wealth, but as 
directly lessening the dependence of our iuanu&cturing 
existence on an exclusively imported commodity, has not 
been, by any means, neglected (258). Opportunity is here 
afforded for comparison between some of the most obvious 
desiderata of the competing products^ in the attributes of 
compactness and clearness of internal structure— of a 
perfectly high poHsh ; and, what must be admitted as a 
more unequivocal test of excellence, the ductility exem- 
plified in some specimens of fine-drawn wire, an article 
which forms a valuable item in the iron and steelworks of 
the present day. 

The great variety of articles manufactured in Shefiield 
from steel indicates this as the proper place to describe 
the peculiarities of the various kinds employed. The 
quality of steel depends both on the ore and on the mani« 
pulatory processes to which the iron is subjected. Steel 
appears to be a compound of iron and carbon ; and it is 
not improbable that silicon, the metallic base of flint, 
may form an important element in the production of good 
steeL 

Damascus Steel and German steel are celebrated for 
excellent qualities. Genuine Datnascus steel is made 
directly from the iron ore, principally a red oxide of iron — 
red clay ore— foimd in the transition slate. It is generally 
believed that the strength of this steel is to be attributed 
to a small quantity of aluminum which enters into its com- 
position, and which is derived from the clay of the ore. 
The Damascus work on the sword-bkdes of that Asian 
city present upon their surface a watery appearance--a 
variegation of streaks of a silvery-white, black and grey 
colour, and fine and coarse hnes, disposed in regular and 
irregular figures : this is produced by welding together 



M.N. 0.17*20.] GEBUAl^r 8TEBL. 101 

iron and steel, as we shall have particularly to describe in 
our notice of gun barrels. 

German Steel is made sometimes directly &om the ore, 
by converting the ore into pig-metal first, and then into 
steeL Wood is used in smelting the iron ; and to this 
and the character of the ore, commonly bog-iron ore, its 
peculiar properties may be attributed. 

Three kinds of steel are now principally manufactured in 
this country — ^bar or bhstered steel, shear st^el, and cast steel. 

The bar or blistered steel is made by the process of 
cementation : this consists in putting bars of the purest 
malleable iron alternately with layers of charcoal or soot 
into a proper furnace ; the air being carefully excluded, 
and the whole kept at a red-heat for several days. By 
this process the carbon combines with the iron, altering 
its texture from fibrous to granular or crystalline, and 
rendering the surface blistered. The action of the carbon 
occasions fissures and cavities in the substance of the 
bars, rendering them unfit for tool-making imtil they are 
condensed and rendered uniform by the operation of 
tilting, i.e., compression by a powerful hammer worked by 
machinery. 

Shear steel is made by breakiag up bars of bhstered. 
steel into lengths of about 18 inches, and binding four or 
six of them together with a steel rod, and then heating 
them to a full welding heat, the surface being covered 
with fine clay or sand to prevent oxidation. They are 
then drawn out into a bar, hammered, tilted, and rolled. 
In this state it is susceptible of a much finer poHsh, and 
is also more tenacious and malleable, and fit for making 
strong springs, knives, &c. 

Cast steel, which was first made by Mr. Huntsman, at 
AtteroHff, Sheffield, in 1770, is made by melting blistered 
steel, casting it into ingots, and rolling it into bars. In 
this condition its texture is much more uniform, closer, 
and finer grained. 

The different degrees of hardness required for steel are 



10S STOVES. — OQOKINa AFVABATUS. [CImZXE. 

giv«n by the process eaMed ^ temipering," whicsh is effected 
by heating the steel up to a certain temperature, sad 
then quenching it suddenly in cold water. Its hardness 
and brittkness are thua xEroch increased, but it may be 
again softened by exposure to heat simply. 

From these kinds all our cutlery, whether fine or coarse, 
needles, hooks, ornaments^ &c., are manufactured. In our 
consideration of the inanufactures of Sheffield^ the pecu- 
Hsrities of stee^ maoiofaeture will recdtve fuE comaidera- 
tion. It was not easy to place steel consistently with any 
especial group of exhibitors, since it is so largely ranployed 
by all in this class. 

The analyses of several varieties of steel ha-^e shown 
that the followii^ substances enter into its compesition : 
— Iron, carbon, sulphur, jAio^horus, silicon, arsenic, anti- 
mony, nitrogen, copper, tin, manganese. It is not to be 
supposed that all these materials are t& be found in every 
variety of steel ; in some one, ingredients are discovtea*ed 
which cannot be detected in another, and in aU probabihty 
the peculiar di^rences in steels are due to. the combi- 
nation of small quantities of one or other of these demon- 
tary principles. 

Stoves, CoMng Apparuhts, Orates, Fenders, (Exhibitors 
102, 103, 104, 106, 106, 107, 140, 189.)— Immediately on 
entering the Sheffield compartment, the vifidter's attention 
is arrested by a series of stove-grates of a more or less 
superb character, and suited to fire-places varying from the 
ordinary conveniency of a respectable drawing-room to 
the splendour of a palace. The manufacture of these 
important articles has, of late years, been zealously pur- 
sued in Sheffield, by the judicious c^Hnbioation of capital, 
enterprise, and taste, which the present Exhibition must 
convince any one is not Hkely to be unsuccessful For, 
ntext to the beauty and capabihty of these indie^nsable 
articles of household comfort, the coanparative cheapness 
of all but those of the most sumptuous character may well 
be matter of surprise. 
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Those pezsons* who> ore old ^oiougli to recall to laind the 
poor style of ornament exhibited by our best nxetaUie ^bre- 
phioefl, (mlj little more than half a ci^tury ago, will best 
4i|>preciate the extent of the isoiproTemexit whioh has taken 
place in the article of castings alone. The elements of 
this advance may bo ranked under the heads of model- 
maki'ng^ foundry, and material In the first place, not only 
4u:e the outlines of the model ofben very graceful, but there 
ifi a depth and delicacy of detail which^ secondly, it requires 
all the skill of a &rst-arate caster to bring sharply out, — in- 
cluding, in many instances, the difficult in under-cut and 
matted pavts. The material in which these articles are 
generally moulded in the Sheffield casting-sk^^^s, is a £ne 
red triable sacud from the river Trent, near Manafield. The 
specific pecuUarity of each stove is indicated by the terms, 
register and air (10% cooking and gas (105), heat-reflecting 
(106), smoke-curing (140), &c. Most of these stoves are 
accompanied by fire-irons (174) and appropriate fenders ; 
the latter representing a branch of trade, in which the 
availabileness of open scroll patterns has still more largely 
stimulaiked the invention of the artist and the skill of the 
artisan, whether exhibiting elegant combinations of dead 
and polished steel, or the more subdued tones of black, 
bronze, and or-molu (104). 

It would be useless to attempt a description in detail ef a 
class of objects which the engraver alone can satisfactorily 
illustrate : suffice it then here to say, that the cheapest 
forms of stove-grates are mostly manufactured of black 
castings in iron, hke parts of the cooking apparatus (105), 
but generally more or less ornamented with designs mo- 
delled in lowrehef; while the more elegant specimens, 
which form so attractive a feature in the Exhibition, -are 
composed of parts in which the metal is finely got up with 
dead and polished surfaces ; the effective contrasts thus 
produced being heightened by the introduction of lac- 
quered or gilded scrolls, and the use of cast figures in 
bronze or other metal Many of these productions indi- 
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ate consicli^ble taste in the original designer; thus 
illustrating the importance of a recent law, which protects 
the manufacturer from the piracy of a registered pattern. 
It is gratifying to add, that the more spirited houses 
engaged in this trade, as well as in others to which art* 
embellishment can be advantageously apphed, are availing 
themselves of the talents of men who have been generally 
brought up as professional artists, or taking into their 
employment young persons who have evinced appropriate 
capabihties while students in' the Qovemment Schools of 
Design. 

We have been favoured by Mr. Young Michell, the 
Head Master of the Shef&eld School of Design, with the 
following Hst of articles which are in the Exhibition, manu- 
factured within the last twelve months, from designs by 
pupils of the Gk)vemment School of Design : — 

Detcription ofArtidet, Dengmer, 

Six stove grates Henry Hoyles. 

Six fenders W. H. Brookes. 

One grate G. Bolland. 

Three sets of saw-plates in silver and bronze . Godfrey Sykes. 

Two sets of tortoise-shell combs . . . H. Archer. 

Carved knife-box A. Hayball. 

Silver candelabrum William Ellis. 

A sideboard carved in walnut, 10 feet in 
lengthy and 7 feet high . . . . H. Hoyles. 
(This work has been designed and exe- 
cuted at an expense to the pupil of about 
180/., and expressly for the Exhibition of 
1851.) 

Carved cabinet in walnut, 8 feet 6 inches high A. Hayball. 
(Designed and executed by the pupil at 
an expense of between 50/. and 60/. for 
the Exhibition of 1851.) 

Full-length figure, intended for the figure- 
head of a yacht William Ellis. 

Model for plateau H. Archer. 

Modelled 
and Engraved by 

Three daggers, with embossed silver sheaths'^ William Ellis. 

and engraved blades / Godfrey Sykes 

Inlaid mantel-piece in Derbyshire marble . — Lomas. 
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The annexed Kst shows how far what we here call the 
higher walk of art manufacture, namely, originating designs, 
has been supplied from the school ; but the practical uses 
of the school extend much further. Not one manufacturer 
who has exhibited articles in iron and silver, in the manu- 
facture of which ornament enters, but has not, in some 
degree, benefited by the school The whole class of 
artisans, such as chasers, engravers, model-makers, stove- 
fitters, Britannia metal-workers, mask-makers, &c., &c., &c., 
have all contributed their quota towards the artistical 
excellence of the works exhibited. A manufacturer having 
a good design has made a great step ; but what can he do 
unless those who are to carry out the designs be, to a 
certain extent, artistically educated? The repeating or 
counter-modelling of any artistic work requires very con 
siderable artistical abihty, and the school alone could fur- 
nish it. Of this fact the manufsteturers themselves are not 
imaware, and hence arises that mahifestation of improved 
taste which is evident in modem British manufacture. 

Railway Oan^iage and Coach Spriit^s, &c, (Exhibitors 109, 
160, 190.) — The use of steel for the springs of ordinary 
travelling carriages is of long standing ; but an enormous 
increase in its consumption for such purposes has been 
created by the modem railway system. Of the benefit and 
enterprise of this new staple Sheffield has fairly partaken, 
and specimens of her skill are here exhibited. This is a 
proper occasion to remark, that, as it is impossible to 
obtain in steel of minimum cost those rare conditions of 
tenacity and elasticity combined, which constitute excel- 
lence in a carriage-spring — and as the quantity of material 
entering into the formation of those which support loco- 
motive vehicles especially, affords so strong a temptation 
to substitute cheapness for goodness — ^too much stress can- 
not be laid upon the^ moral duty, to say nothing of the 
manufacturing poHcy, of endeavouring to keep before the 
public the supreme importance of quality in an article of 
comparatively easy fabrication, but upon which the lives 
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and limbs of so many thousands of persons aJI classes 
daily depend. 

Anvils, Vices (226), Carriage Aocles (204a). — In the two 
former of these articles — ^the most ancient tools of the 
smith — we look rather for good material and good work- 
manship, on tmchangeable patterns, than for elegance or 
novelty ; while the third-named article represents a manur 
f acture of considerable importance viewed in relation to 
vehicular statics, and the economy of animal power.: 
indeed, the large extent to which turned iron-axles work* 
ing in caiefiiUy-fitted metal bushes (166), have super- 
seded wooden ones, even in common carts and waggons, ij& 
a striking exemphfication of an improvement which^ 
despite the natural predilection in fervour of cheapness, has 
found its way &om the fashionable coach-house to the 
Humblest fSftrm-shed. 

Bdgcj JPlantation, Gardening, Joiner's, and other Too29. 
(Exhibitors 110a, 112, 113, 128, 169, 179, 182, 204, &c.>^ 
Passiug from articles formed mostly of black steel, or that 
state in which they appear as mostly finished by the ham- 
mer, we oome to a large series of examples of tools, the 
sur&ces of which are partially brightened by the grind* 
ing-stone which gives the edge ; or, rather, «uch was 
the case in respect of most of the old-fashioned instru- 
ments of each class ; for so considerable has been the 
effect of taste and competition at the present day, that 
those parts of spades and hoes, as well as of adzes and 
chisels, which used to be left unground, or were blacked 
by "bhe appUcation of some cheap carbonaceous matter^ 
are commonly bronzed or blued, if not actually polished. 
Many of these articles, indeed the bulk of the edge-tools 
(192), teofanicaliy so called by the trade, exhibit a high 
degree of perfection in form and finish. Scythes, sickles^ 
and reaping-hooks (204), which are here represented in 
each i2]ass, are not only lai:gely manufiafitured in Sheffielc|^ 
especially Uiose which can be formed in part of sheet-steel, 
but a greai^ number of persons are employed in making 
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them in the rural' hamlets, a few miles south-east of the 
town, where the trade has flourished since the settlement 
of numerous fugitive workmen, who came over ^om tho 
Low Countries in the time of Queen Elizabeth (214^ 216). 
There s»re a number of miscellaneous articles, exhibiting 
much perfection in the manu&cture — ^£pom the ponderous 
8crew-augur of the shipwright (187), and the curious 
Archimedean shearing-knife of the clothwoiker (109-113), 
to the diversity of awl-blades (145), heckle-pins and sewing- 
needles (115, 164, 284) — ^the latter not to be despised for 
their minuteness or comparative simplicity of shs^, so 
long as they continue to form indispensable adjuncts of 
laborious occupations, even amidst the marvellous 
triumphs of machinery in the nineteenth century. 

Files^, (Exhibitors 109, 113, 160, 161, 163, 187, 190, 191, 
193, 207, &c.) — ^An important item in the display of non- 
polished steel articles is files, the value of which, in their 
relative degrees of excellence, is fully appreciated by at least 
every artificer in metal, from the engine-smith to the watch- 
movem^it maker. To the mere uninitiated inspector of an 
assortment of hardware, a common file is perhaps as little 
attractive as any tool can be ; yet, even here, manipidatory 
skill and taste have executed ingenious designs (161.) Nor 
are these pictures delineated by the ordinary workman, 
with hammer and chisel on steel, merely indicative of 
wasted ingenuity, meaning nothing ; they illustrate, in com- 
bination, that great variety of styles of cutting or raising 
the teeth, which is displayed in the serial array of useful 
files, aad in which so n^terial an element of success in 
this manufacture consists. It is, indeed, chiefly in this 
character, and that of general outline, that a file presents 
any features of visible excellence. The essential qualities 
of a fit material, and judicious tempering, upon which the 
value of a file, more than perhaps any other accessory of 
handicraft, depends, can only be estimated by the criterion 
of actual use. 

It is almost imposMble for an ingenious individual to 



r 



108 FILES. [CJU.XXII. 

look at such a collection of files as this without asking 
himself the question — Could not the cutting be done by 
machinery ] It may suffice here to say in reply, attempts 
to produce such a result have repeatedly been made, but 
have all turned out unsuccessful in practice ; indeed, it is 
remarkable, that with the exception of the grinding de- 
partment, and even here the mill aids, but does not super- 
sede, the hand, nearly the whole of the beautiful and useful 
productions of the Shef&eld workshops may be said to be 
the result of manipular industry. The dexterity required 
in some departments, as the development of a scissor- 
bow with a hammer, on the anvil (194), is very consider- 
able. In this view, it forms a striking contrast to compare 
a few inches of plain net-lace, and the complicated mar 
chinery by which it is produced, with the richly-wrought 
scissors (175), or the razor (114), and the few cheap and 
simple tools used in the manufacture of these articles. 
Between three and four thousand workmen are engaged in 
the Sheffield file-trade. 

Saws, Plates for EngraverSy &c. (Exhibitors 109, 113, 
147, 191, 192, 193, 204, 208.)— Saws, of far more general 
use than files, at least out of the workshop, may be 
mentioned next, presenting as they do a greater breadth 
of pohshed surface, in the Sheffield quarter, than any 
other product of that town. Their large size and curious 
variety, almost as much as the high finish of handle 
and perfect polish of surface which many of them ex- 
hibit, force upon us at once an idea of the extent and 
perfection of this important branch of trade, in which 
at least five hundred individuals are constantly employed 
in Sheffield. Of course, saws, as weU as edge-tools and 
files, must owe their best praise to excellence of material ; 
but stiU in the quality of their toothing, and, much more, 
in the execution of the difficult operations of hammering 
and grinding, external effects are produced which indicate 
a wide difference between the perfection of many of these 
articles and those of an inferior class of workmanship ; 
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indeed, that material excellence, a surface without wavi- 
ness, must be very apparent, even in the largest circular 
(113, 191) and pit saws, as well as in many of the ground- 
steel webs of smaller size. It may be mentioned, that not 
only is the toothing and polishing of saws effected by the 
aid of machinery, but some curious mechanical contriv- 
ances have been devised for aiding the grinder to produce 
that perfectly level surface above alluded to. The ap- 
parent purity of material, the perfect planishing, grinding,, 
and buflftng exhibited in the unusually large circular-saw 
and several others, are conditions of excellence of the^ 
highest value in another article of roUed-steel, for which. 
Sheffield is also noted, viz., plates for engravers ; the =. 
manufacture of which, when they are of large size, is one 
of extreme deUcacy and difficulty. A large steel plate of ' 
this class, machine-ruled, with very fine parallel lines over 
its entire surface, is placed in the Department of Fine 
Arts (147), along with an impression from it taken on 
paper ; thus exhibiting and illustrating with extraordinary 
effect those rare qualities of surface upon which the suc- 
cess of the delicate and costly operations of the etcher and 
the engraver so immediately depend. 

Table Cutlery, (Exhibitors 116 to 121, 130, 13^, 136, 155^ 
156, 162, 196, 203, 220.)— -The knife ordinarily in use at- 
table in this coimtry, at present, is of the plainest shape \^ 
neither fashion nor convenience demanding that curious 
diversity of outhne in the blade which some old sets 
exhibit: hence, good quality of metal and superior ex- 
cellence of workmanship are the chief criteria of value. 
In other respects the modifications are endless. Of 
table-cutlery a great variety of sorts are here exhibited, 
from the "Sheffield Whittle" (120) (perhaps something 
Hke that mentioned by Chaucer), to the finest modem 
patterns (110) ; presenting, however, the most striking 
diversity in the form and material of the handles, includ- 
ing horn, bone, wood, and ivory, the latter being most 
generafly us^ in mounting the better services for the me- 
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tropolitan and other markets. It will give some notion of 
tlie extent of this important trade, in its appropriate 
locality, to state, that the quantity of ivory cut up by the 
'* hafters," as the handle-makers are called in Sheffield, is 
between sixty and seventy tons annually, being little leas 
than one-fourth of the whole quantity imported into this 
country. The best table cutlery is made from shear-steel, 
and the forging, filing, grinding, and hafbing of it, employs 
a great number of hcrnds in that emporium of industrial 
ingenuity whose products are now under notice ; the 
number of men engaged in the forging of blades at the 
anvil being about 700 ; of grinders, including boys, 900 ; 
and of hafters, 1,300. It is in the dry-grinding of forks, 
especially of, a cheai)er kind, produced by sand-casting, 
that the workman often contracts a pulmonary affection 
through inhalation of dust and metaUic particles^ called 
" the grinder's complaint," the nature, fatahty, and pre- 
vention of which have frequently engc^ed the attention of 
the philanthropist, as well as the inquiries of members of 
the medical profession. 

A disposition to supersede the common steel foric by 
one of three or four prongs, and with a silvered surface, 
has been greatly encouraged by the invention of electro- 
plating, several beautiful specimens of this article, as well 
as of knives plated on steel, being exhibited (110, 131, 
142). 

Spring-knife Cutlery. (Exhibitors 117, 137, 139, 143> 
144, 147, 149, 159, 198, 224, 225, &c.)— Of the ample 
variety of forms into which manufacturing ingenuity has 
moulded the pocket cmd pen knife, it is impossible to 
do more than speak in very general terms ; indeed, the 
quality of the blade is so aU-importaht, as compared 
with the form or the material of the handle, in these 
universally useful articles, that fancy and price, rather 
than taste or art, claim to be mainly considered by 
the fabricants. It will be seen that in addition to the 
Bubatances used for scales or covering of handles^ men* 
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tioned above, the jnaker of jointed cutlery uses stag'-horn, 
pear], and tortoise-shell. It is considered that the value 
of the materials here alluded to (that is, inclusive of 
ivory), amounts to not less than 99,000/. annually in Shef- 
field alone. 

Jiazors. (Exhibitors 114, 117, 132, 134, 135, 139, 149 to 
166, 188, 197, 203.)— In caUing attention to the article of 
. razors, for the manufacture of which Sheffield enjoys so 
wide a celebrity, we must not allow ourselves to be diverted 
more than a moment by those giant specimens, which, 
whatever b^uty<and perfection of workmanship they may 
display, ar^ \!rhp]ly useless for that purpose, which makes 
the daily personal comfort of so many thousands of males 
to depend upon the quahty of an ordinary-sized razor. 
In common with the first class of surgical instruments, for 
inciaory purposes, good razors are commonly made of the. 
best and hardest quality of cast^steel, i, e., Swedish iroA' 
of the highest class, and of the maximum degree of car- 
bonisation ; it must, however, be obvious, that whatever 
the primary excellence of the metal out of which the 
blade is formed, the greatest caution is required to avoid 
spoiling it in the successive operations of forging, temper- 
ing, or grinding, to mismanagement in one or other of 
which the defectiveness of many expensive raeors is ordi- 
nadly to be referred. The number of men employed at- 
the anvil in this branch is about 160 ; a maker and striker^. 
83 in table-blade forging, working together in alternate 
strokes withdifierent-sized hammers. 

Scisiors ; Shears. (Exhibitors 124, 126, 133 to 139, 165, 1 75,. 
194.)<T-Un<|er these numbers are exhibited nmnerous forms^ 
of garden (124> 168), sheep (122, 127), and tailors' shears 
(157), most of which are composed of shear steel and iron 
welded together at the anviL The dexterity required to 
develop a scissor-bow out of the solid steel, by means of 
the hammer, has been already alluded to, and is exempli- 
fied in 194 ; the operation, however, is equally applied in 
the production of a pair of sciftors, the value of which is 
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twenty guineas, or half as many fiurthings (175). It is in 
this class of articleis that the Sheffield cutler appears to 
the greatest advantage* in the ornamentation of steel- 
work, in connection with purposes of direct utility. Most 
of the elaborate designs in this interesting department 
are developed from a sohd shank by the successive 
apphcation of the file and the chasing-tool, involving 
an immense expenditure of time and of manual skill 
Nos. 175 and ld4 are marvels of success in this operose 
ingenuity, which cannot be said to be wholly misdirected 
or useless, so feff as it belongs to a style of workmanship 
stiU in demand in the labour market of the Yorkshire 
Damascus : perhaps, however, most persons of taste will 
concur in opinion with those who r^;ard a pair of plain, 
well-formed, and ])erfectly-polished women's scissors as 
the most elegant production of the Sheffield workshop ; 
nor is there any article which so utterly distances all 
foreign competition, whether the criterion of exoeUence 
be the smooth and effective action of the blades^ the per- 
fect finish of the work, or both together. About 900 men 
and boys and 200 women are employed in the manuiao- 
ture of scissors. 

In the Central Avenue, and nearly opposite to the Ge- 
neral Sheffield Department, stands a separate glass case, 
filled with fine cutlery, from the same town, and including 
many exquisitely-beautiful specimens of most of the arti- 
cles already described. This trophy is terminated by 
a large spring-knife, containing 80 blades, and which, 
although sufficiently attractive as a curiosity, and for its 
admirable workmanship, is mainly noticed here for the 
effective ornamentation of its polished surfiu^es, by means 
of etching on the steel with aquafortis. This style of 
work, striking examples of which may be seen on the blades 
of razors, and other polished articles, is displayed on this 
large knife, so as to produce a very varied and artistic 
effect, especially when viewed sufficiently near. The num- 
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different branches of the spring-knife cutlery department, 
is about as follows : — Blade, scale, and spring forgers, 260 to 
300 ; grinders, 600 ; men and boys at workboard, 2,600. 
It may be remarked, with reference to the finest classes of 
these articles, that, contrary to what might have been 
expected, the introduction and general use of steel pens is 
said to have affected but Httle, if at all injuriously, the 
pen-knife trade, while a new source of industrial employ- 
ment has been opened to-tlM manufacturer of sheet-steel, 
as well as to the metallic pen-makerl 

Sheffield Plate has been long celebrated ; but as the best 
examples of this manufacture are' arranged in Class XXIIL, 
the notice of the processes employed is reserved for that 
division. 

Passing out of the Area devoted to Sheffield towards the 
south, we enter the department devoted to Iron and 
General Hardware. This Section extends from the Pillars 
0. P. 3 to 29. 

Wire Popes, (Exhibitors 30, 36.) — ^The apphcation of 
metaUic wires to rope-making, although absolutely as old 
as 1822, was never successfully made tiU 1836, when the 
late M. Albert, Director-General of the Hartz Mines, estor 
blished a method of manufacture which resulted in the 
most unqualified success. M. Albert perceived that for the 
wire to retain its strength it must be laid into ropes with- 
out receiving any twist whatever round its own axis. This 
principle once fairly taken up, the making of wire ropes by 
a manual operation little more advanced, as a manufactur- 
ing process, than that of fishermen, was at once adopted. 
Specimens of wire-lines for their own use were circulated 
throughout Germany ; and the economy of iron-wire ropes 
for mining purposes was substantially proved. 

Wire ropes made of untwisted unre were not introduced 
into England until Mr. Newall obtained his patent in 
August, 1840, for machinery which perfectly effects all 
that M. Albert contended for. About the same time, 
M. Yegni introduced the manufacture into France ; and 
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Mr. Newall^s macbisie was adopted in Sax«ny and in 
Austria. Besidas the a^bptation of machkbevy for the 
numnfacture of wire ropes of uutwieted wire, tkmr intro- 
duction into this coimtrj was aocompaciied hj an iwport- 
axfib improvement in the stnidt^re of the ropes, M. Albert's 
ropes were inyariably made of sixteen wires, four wires in 
each strand, and four strands in each rope, as exhibited in 
one of the specimens deposited by Messrs. NewalL This 
construction did not aUow of safficient Tsriety of siaes of 
rope without inconvenientlj increasing the (Hmenawns </ 
the wire. The patent wire rope is composed most usually 
of ikirty^ix wires, six wires in eaeh strand ; these six wires 
being symmetrically laid round a hempen core : then there 
are six strands in each rope laid round a hempen core. 
By this method of manu&cture, the thirty-six wires are 
kept equidistant fsxaa the centre of the rope, and are 
therefore all of the same length. Each, ther^ore, is sub- 
jected to the same strain — ^has the same amount of work 
to do ; and as they are laid without any twist in them- 
selves, the greatest possible strength is obtained from the 
amount of material employed. This is the whole principle 
of the manufacture. We regret that the machinery has 
not been exhibited. There are, however, specimens of all 
sizes, varying from wires whose breaking strain is 20 lbs. 
to ropes whose breaking strain is 180 tons. The use of 
wire ropes has gradually extended since 1840, and is now 
very general. Flat and roimd ropes are used pretty uni- 
versally in the Northumberland, Durham, and Yorkshire 
coal-mines. There are upwards of 200 miles of inclined 
l^anes of railways worked by wire-rope. Inclines are being 
substituted for locks on csmeds since the introduction ^ these 
ropes. The appMoation of wire rope to the standing rigging 
of ships is slowty but gradually advancing, as its many 
advantages over hemp in daieapness and security become 
known. In tdiort, metallic wire rope is superseding hesmpen 
rope for innumerable technical purposes. 

Chains. (Exhibitors 61, 76, 76, and 401, Class I.>— Until 
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'wrtJdn a comparatively irexy reoeo^t period ropeft were 
AExfciiely used in mines, and it iras mot until during the 
ocmtiiteiiial war, whmt the pnne of k-uap, wbich was 
mhae&y suppti^ed firom Buesia^ was exoessiTe, tisiat aaj 
Attempt was Hiode to introduee any othes materiaL It 
wtU be evident upon ooBsidAration th&t iron ehains wouM 
«lfer themselves as the sabstitate ; but in these many 
diffieuhies had to be of^eipoome. The ii!oa links had to 
ff)U over a drum in winding md imwinding, during which 
the ordinary chains being disposed to twist were Hable to 
tnaaip whenever a sharp turn took {daee. Henee it was 
necessary to secure great toughness in the metal, and use 
much caution in the wdding, to prevent the iron from 
undergoing any chaoge. 

Mr. Edge introduoed the flat chain with wooden key, 
which has been emineixtly su^oessfal,. and is now generally 
eni^oyed in our collieries ; and where they have been 
obtained from caare&il maniic&eturers, and used with care, 
they have never &iled. The exhibitor (51) states that bo 
loss of hfe has been occasioned by any chain of his manu- 
&eture'duiing the peviod of 39 years. Shafts have been 
driven by this £^ency to the depth of more than 270 
ywrds ; and the chains afterwards used for terms varying 
from four to six yefkra. The specimens of clmins shown 
in idads tind in Class I. sufficiently iUustrate the general 
charaeters of the chains used in 04xr mines for winding and 
MufT purposes. 

Ircn. (Exhibitors 83, 84, 86.) — ^The ores of iron are 
desetibed in connection with the exhibition of th^n in 
€9ft8S L ; it therefore only now remains to notice a few 
peculiarities in the manufacture of iron, and in the results 
obtained. 

The ores of iron commonly consist of an oxide of that 
metal combined with some earthy matter; the result, 
therefore, of fusing these alone would be the production 
of a kind of glass. It becomes necessary, therefore, to 
mix the ironstcKaee with such substances as> duxing the 
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process of fusion, will combine with the oxygen and earthy 
matter and set the metal free. From the great affinity of 
carbon for oxygen, forming carbonic acid gas, charcoal and 
other carbonaceous substances are very largely employed; 
in addition to this, it becomes necessary to use some 
material which shall combine with the calcareous, sili- 
cious, or aluminous matter with which the iron is com- 
bined. In some cases this is effected by combining ores 
of dissimilar characters ; but ordinanly some flux, such 
as hme, is introduced. 

An ordinary iron furnace will make about four tons 
of cast iron in twelve hours : or the production of this 
quantity of metal there are required about seven tons of 
coke, eight tons of roasted ironstone, and rather more 
than three tons of limestone as a flux. Some of the large 
furnaces, however, receive fifty chai^ges in twelve hours, 
each charge containing six hundred-weight of roasted ore ; 
the whole amounting to fifteen tons, which is produced 
from about eighteeen tons of the ore as it is raised firom 
the mine. 

In the smelting of iron cold air was formerly driven 
into the furnace to urge the fire to the highest degree of 
intensity. Mr. Neilson of Glasgow, however, in 1824, in- 
troduced the use of the hot-blast, which has since been em- 
ployed with very great advantage. By this principle all the 
air before it is supplied to the furnace is heated by passing 
through tubes surrounding a fire, or in some cases by an 
arrangement in which the pipes conveying the air are 
made to derive their heat from the furnace itself. This hot 
air being driven into the centre of the incandescent mass 
effects the smelting of the ore more rapidly, since it does 
not produce the cooling wliich the ordinary cold-hlast is 
said to do. 

Dr. Clarke remarks — " The air supphed is intended, no 
doubt, and answers, to support the combustion ; but this 
beneficial effect is, in the case of the cold blast, inci- 
dentally counteracted by the cooling power of six tons of 
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air an hour, or two cwt. a minute, whioh,- when forced in 
at the ordinary temperature of the air, cannot be con- 
ceived otherwise than as a prodigious refrigeratory, pass- 
ing through the hottest part of the furnace, and repress- 
ing its temperature." 

The iron being smelted is aUowed to run off into a 
channel made in sand. From this channel, called the sow, 
numerous side branches are led, called pigSy into which it 
is directed by the workmen ; hence the term pig iron. 
From pig iron it is converted into bars of malleable iron 
bj refining. In a proper furnace, the metal, mixed with 
coke, is kept in a state of fusion for about two hours, 
during which it parts with much of the carbon com- 
bined with it. It is then run into moulds. When cold 
the metal is withdrawn from these, broken into pieces, 
and thrown into the puddling furnace. The object of this 
is to deprive the iron more thoroughly of its carbon, 
which passes off as carbonic oxide, burning with a pale 
blue flame. The metal becomes thicker, as the process 
advances, until it assumes a sandy appearance, when the 
temperature is raised and the particles cohere. The work- 
man now forms the mass, while hot, into balls,' each 
weighing from 79 to 80 pounds : these are removed and 
subjected to several blows from a heavy hammer, and 
formed into what are called Uooms (84). 

The composition of iron varies greatly, and on this de- 
pends its quality. Bad pig iron contains carbon, silicum, 
and calcium. Towards the removal of these, or at least 
any excess, the attention of the iron-master is directed, 
and the dehcate operation of puddling is intended to 
effect this object. The philosophy of the improvement of 
metal consists in the circumstance that a part of its im- 
purities, which were origLoally in chemical combination, 
are converted into chemical admixtures. Iron, containing 
a small amoimt of carbon, silicon, or phosphorus, is always 
more hard and strong than pure iron. Pore iron is quite 
soft. 
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An exanoiiMtion of iiie cdriaafaed Iiow Moor iron speci- 
mens, from 1 to 18 of tiie series, iraii akowrthe peculiantie» 
of emda. sta^ of the pfpoeeas we have been deeeiibiBg. The 
set of experimente nuule on tke bar iron (frcnn SO to 27) 
show many peculiarities. 
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The last bar was 4 feet 5 inches loi^ and the 
was reduced hj the strain to } of an inch. 

The above ezperimeDts w«re all made upon the iroaa 
when in a cold state. 

The assooiafced specimens show the differeiKt dhanetois 
of the irons, as regards molecular ^onstifcationy dnddfity^ 
malleability, &c. 

In our examination of the ^effidd depeitmsnt^ the ma- 
nufacture of siteel has been soflleienlify desorilbed, to whidi 
the reader is referred. 

The tools exhibited in oonnectvon wjffeh ihe Low Moor 
iron, iJhe gun momrted upon oine of Fergosegi's patent 
gun-carriages, bomb-shells, shot, together with voachiiMB 
and engines, should be -very^supe^iLify exomiDed by all who 
are at all interesfted in leamjaog 8om«tliiing c^ the peezK 
lisrittes of this important nuuDu&ctupe. 

*^ Iron aooomaaodates itself to alloair wiioto, our deeinasy 
and even our caprices ; it is e«piB]l|f seimeeable to the- 
arts, the sciences, to agriculture, and war. The same obi© 
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fumishes tlie sword, tiie ^^Of^hskmB, the sc^Hi^ tiw 
pmnlBg^fcook, the needle^ ^t^ graver, the sprxag of a wsbch 
or of a carriage, the ohisel, the ohadu, the anchor, the oom* 
pass, the oazinon, and the ho]ii>b. It is a loedicine of hhig^ 
virtue, and the only metal Mendly to the htuxiaai fpame*" 

The bloom of iron from Norway, which is exhihited (84) 
as possessing great toii^hness, owes its pecoharities 
chiefly to the modes of smeStifig adopted, which most be 
noticed when we cenae to ihe examination of the iron 
ores and irons {»*odi2ced on the Oozvliin^it. The bars of 
iron, and the wii« associated, serve to show the mode <of 
drawing iiw wire, whk>h process has been abeady do^ 
scribed. The ofrigin of the term Uoom is not easiiiy asoor- 
tainalde ; it is, howeverof considemble antiqnifcy, the most 
ancient irosHwoiks in the oouittry being called " hUomeriee '• 
and " Uoomr^mWiiesJ'* 

Tin-ware ; JapanneS^ware, (Exhibitors 66^ 6S, 270, 264, 
160, 691.) — ^In conneelaon with other examples of the 
hardware class wHi also be found nismeroos Mnds of tin^ 
ware. It has been already sufi&ciently described (page 51), 
that tin-plate iscareMly manoHEbctio'ed sheetniron, covered 
with a coating of tin by a process of immersion in tho 
mehed metal. FkiaisaiEdied tich^late is such, as by being 
beaten with highly-polshed steel hammiers has a brighi 
surfe.ce giv«n to it, and of this kind the 8mperi43!r articles 
are always made. Japanning of ^n-<WHre, or any otl^sr 
metal, ccossists in cohering it with a vamisk llie best 
vanetiee are treated in the lolowing maaner : — ^The article 
to be japaanned is first brushed ovot with two or three 
coats of 8eed4ac varnish to form the priming. A vami^ 
of the req]uired colour is then laid on for the ground, and 
on this ^e design is painted* After which the whole is 
covered with transparent Taomn^ dried, and polished. 
Japanning must be carried on in warm apartmients, and 
the metal is made hot before the varnish is allied, and it 
is dried in ov«ns pcepared for the purpose. In some cases 
ordinary painting with lead odours is substituted for 
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japanning. For paintmg figures in Japan work ah^l4ac is 
usually employed ; but sometiineSy where the colours are 
delicate, mastic and fine copal are employed. It should 
be understood, that japanning consists in covering metal 
with a resinous varnish, which is coloured according to 
the taste of the manufacturer. 

Enamelled Iron. (Exhibitors 1, 360, 655, 600, 657, 698, 
701.) — ^The introduction of enamelled iron, which has been 
very recent, must be classed as an improvement by pro- 
tecting the iron from corrosion ; great cleanliness is 
secured, and all the advantages of using a glass or porce- 
lain vessel obtained. In some case the enamel consists of 
a porcelanic mixture, which is appUed in the state of 
^ shp," and then exposed to a heat sufficient to insure 
fusion. This, in some cases, has been obtained by the 
extensive use of the salts of lead. The contraction and 
expansion of a clay body, however, being very different 
from that of iron, a true glass rendered opake or coloured 
by metallic oxides has been generally substituted. The 
cohesion of the glass to the iron is most perfect : the 
difference in the rates of expansion between them is very 
flight. 

Metallography, (265.) — ^These inventions — ^for the pro- 
cess consists of two or more parts— are intended to pro- 
duce results essentially distinct, but at the same time 
closely alHed to each other. 

The first consists of a system of machinery for planing, 
polishing, burnishing, and ornamenting in a peculiar style 
metals of every description as they come from the rollers, 
either in sheets, bars of any shape, or in tubes : these ma- 
chines may also be employed to plane and polish sheets, 
bars, and tubes of wood, stone, glass — ^in short, any hard 
substance. The other result is a new style of ornamenta- 
tion on the metals after they have been submitted to the 
previous process of planing and polishing. These orna- 
ments are of such a nature that whilst, on the one hand, 
they produce the most brilliant effects, presenting bright 



O. F. 3-7.9.] MBTALIiOGBAPHT. 121 

designs and inscriptions on a dark ground, or an imitation 
of wood, rivalling the most delicate workmanship, both in 
mosaic or marqueterie, they, on the other hand, are not 
affected by atmospheric influences, and may be subjected 
to any amount of labour. 

Three machines are employed : the first for planing and 
ornamenting sheets of metal, the second for ornamenting 
bars of all shapes and tubes, and the third for polishing 
and burnishing sheets, bars, and tubes of metal, wood, &c. 

In order to appreciate the importance of the first and 
second machines it will be necessary to remark, that me- 
tals, as received from the rolling machines, although they 
may have the required shape and form, are still far from 
having that finish which is desirable in manufactured 
articles. Then again being subjected by the workman to 
the action of the fire at a high temperature, they are in- 
variably incrusted with a hard oxide, to remove which an 
immense amount of hand-labour is required before an 
even and bright surfeu^e can be obtained. The two ma- 
chines above described are intended to accomplish that 
object. 

These two machines are very simple. That for planing 
sheets of metal consists of a large cutting instrument 
fixed]at a certain angle of inclination, above a sliding table : 
the distance of the said instrument from the bench or 
table may be regulated at wilL A sheet of metal being 
fixed on the sliding table, the latter is set in motion, the 
metal is forced backwards and forwards, and is acted upon 
by the cutting instrument, and is thus perfectly planed. 

The machine for planing bars and tubes consists prin- 
cipally of an instrument which, on account of its form and 
nature, cannot be described better than by calling it a 
" four-sided, or circular expansive plane." This instru- 
ment is composed for quadrangular bars of four cutting 
tools arranged roimd a centre, and for cylindrical bars and 
tubes, of a great niunber of cutting tools, say sixteen 
placed like a radii of a circle in two rows, close to one 
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another, the instmmeiit (being made so that by ttmxmg a 
conical screw-ring, which envelopes it, it expands or c<m- 
tracts at will. Tibe remainder of the machine is nothing 
more than a common draw-bench. The bar or tube to be 
planed being placed by one end throngh the said instru- 
ment, is laid hold of on the other side by a pair of pincers ; 
it is then putted through the instrument itself the instru- 
ment having previously been adjusted to the proper size, 
and when it has been drawn through the instrument a 
few times it will be found to be perfectly pkoaed. 

As regards the ornaments produced on sheets and bars 
of metals, nothing can be more simple than the instniment 
employed. For sheets of metals, instead of the plain cut- 
ting tool, one with teeth, of any required form or design, 
is substituted, so that, on drawing the sheet of naetal 
under this new cutting tool, it comes out luled ; and if 
this be repeated in different directions, the result is a 
quadrangular or rhomboidal design, which may be varied 
ad infiniiumy producing a pleasing efiect. The same effects 
may be obtained on tubes and bars by means of the se- 
cond machine, by substituting for the plain instrument 
above described, another, having some of its concentrical 
cutting tools shorter than others, so that it produces a 
dentated circumference. 

Plates of metal thus ornamented are then coloured by 
being made one of the poles of a voltaic battery, and 
placed in a solution of some salts of copper and manga- 
nese. Oxides of these metals are precipitated, and the 
combination between them and the plate is exceedingly 
perfect. Another process consists in covering the metals 
to be ornamented with a resinous varnish of any colour or 
combination of colours required, and then employing 
types or engraved blocks of wood, previously wetted with 
essential oil to dissolve off the required portion of the 
coloured ground, leaving the pattern in the colour of the 
metal contrasted with that of the resin applied. 

Stoves, (Exhibitors 88, 103, 106, 107, 185, 186, 238, 243, 
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U7, 384, 386, 388, 389, 403, 407, 408, 481.)— stoves of va- 
riooB kiii<}s have be^i from time to time introduced^ in all 
of wMch the principle sought to be establisHed h»& been 
to produce the greatest amoimt of heat from the smallest 
consumption ol fuel ; and in this respect manj of them 
have been eminentlj fuocessful. Objections have been 
raised to the use of stoves in close rooms, from the cir- 
oumstance that the abr, coming in contact with heated 
iron, loses its moistivpe, and, becoming unnaturally dry, 
produces unpleasant effects upon the inmates. This has 
been soHght to be avoided by placing vessels of watw 
upon the top of the stove, that, by a constant evaporation, 
the necessary hygrometric condition might be restored. 

It would appear, however, that something more than 
merely dryinig of the air takes place : a peculiar smell 
always accompanies air which has passed over heated 
iron. On this subject the following remarks are to the 
po^: — 

" As cast iron always contain% beside the metal itself, 
more or less carbon, sulphur, phosphorus^ or even arsenic, 
it is possible that the ameU of air passed over it in an 
incandescent state may be owing to some of these im- 
pa'egnations ; for a quantity of noxious effluvia^ inappre- 
ciably small, is capable of affecting not only the olfactory 
x^rves, but the pulmonary organs-" 

There are, however, other causes at work, producing 
consequences to which may probably be referred many of 
the peculiarities which belong to air warmed by contact 
with hot iron. At least experiment appears to show that 
the electric condition of the air is materially changed by 
the action of a heated metal surface upon it. It is there- 
fore desirable, in all stoves, that means shoidd be provided 
to prevent any undue warming of the outer casing^ and 
that ventilation be particularly attended to. When fuel 
is burning slowly, so as not to heat the iron surface above 
300° Fahr., the carbonic acid which is formed during com- 
biistion sinks into the ash-pit and floats out into the 

g2 
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apartment. Hence it is that many of the exhibitors claim 
the production of ventilating stoves, and many of them 
show most mgenious arrangements for producing the cip- 
culation of pure air. 

The adjustments of Amott's stoves (398) exhibit some 
very nice arrangements by which the quantity of air sup- 
plied to the fire is regulated. A float on the surface of 
mercury is connected with the valve through which air is 
admitted to the fire, so that, as the mercury expands by 
the increasing heat of the stove, it closes the valve, and, 
by checking the air, prevents the combustion from going 
on so rapidly. Amongst the ventilating apparatus exhi- 
bited, Dr. ArnotVs is the most effective (636). It consists 
essentially merely of a balanced flap protecting an aper- 
ture into the shaft of a chimney. The rapid ascent of the 
heated current of air up the chimney draws a constant sup- 
ply of air from the room at that paj*t of an apartment near 
the ceiling, where heated and vitiated air is most abun- 
dantly present. The valve is adjusted by its balance, so 
that the entrance of smoke is prevented by its closure. 

Several of the exhibitors show arrangements by which 
air is brought from without the building and dischax^d 
warm into it. The pyro-pneimaatic stove (107) is, from 
its peculiar construction, worthy of close inspection. The 
whole of the interior is made of* fire-clay, moulded in 
various pieces, and so arranged that passages or air-ways 
pass through them. The stove may, therefore, be r^ 
garded as formed entirely of fir&-brick, the exterior iron 
casing having little to do with the principle. An open 
fire warms the casing of fire-brick, and, as the passages 
are all connected with a pipe leading to the external air, 
that which they contain, being warmed, rises into the 
apartments, and are supplied with fresh air from without. 
The fire is connected with the ordinary chimney, and the 
products of combustion are carried off by that channel, 
the necessary oxygen being freely obtained from the air 
which flows into the apartment, warmed, through open- 
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ings in the top of the exterior case. By this arrangement 
a more effective system of ventilation is established, the 
deteriorated air passing off by the chimney, and a con- 
stant supply of fresh air, of a genial warmth, unceasingly 
flowing into the room, in such a manner that no sensible 
draught is experienced. 

It is quite impossible to deal with the peculiarities of 
each stove exhibited : the main principles of all are indi- 
cated, the detailed arrangements are left for the exami- 
nation of the visiters. The forms of some now exhibited 
will be found to be improvements upon those ordinarily 
employed : many display high artistic skill in the design 
and ornament. The cottage stove, in fire-clay (107), 
appears to be exceedingly well adapted for the purposes 
for which it is intended. 

Stove Grates, (Exhibitors 97, 102, 106, 107, 186, 237, 247, 
384, 405, 407, 410, 686.)--The principles of the ordinary 
fire-place are femihar to all, and the only alteration which 
will be found consists in setting it rather lower than usual, 
In many of the drawing-room grates the principle of steel 
reflecting surfaces are largely introduced, and in some the 
circular form, with the fire-place in the centre, insures the 
total radiation of all the heat into the apartment. Be- 
yond those points, and the connection of circular metal 
bars projecting into the apartment, which warm the air 
by convection, there is no particular novelty in the way of 
construction. 

New designs are numerous, and many of them of ex- 
ceeding elegance. Any particular example is avoided, 
leaving the selection to the taste of the observer. The 
castings on many are remarkably good, and the colour of 
the metaJ, as we have already remarked, shows a con- 
siderable improvement in our manufacture. The com- 
binations of marble, alabaster, and metals are often effec- 
tive, and in many cases tiles have been introduced with 
much efiect. 

Kitchen Banges cmd Apparatus, (Exhibitors 93, 98, 244, 
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370, 381, 393, 606.)— A large number of the articles which 
may be classed under this group, display a considerable 
amount of ingenuity. "Hie great point to be attained in 
all of them is the economy of heat. Whether an open or 
a closed fire is employed, the ftues and metal connections 
should be so arranged that the heftt is very rapidly nnd 
with tolerable equality distributed over the wh<^ space. 
This appears to be effected admirably in many of the 
kitchen-ranges exhibited. 

Gas Stoves. (Exhibitors $36, 241, 248, 389, 431, 433, 482, 
643.)^ — ^TTie use of gas-stoves has very much increased 
within a few years : prejudices which existed are dying 
out, and difficulties have been overcome. Ordinas*^ coa^ 
gas is a oarburetted hydrogen, that is, hydrogen gas ftiHy 
saturated with carbon vapour ; and if a sufficient supply 
of oxygen is secured during combustion, the whole is con- 
verted into carbonic acid and water, giving out during the 
chemical changes, equivalents of heat corresponding 
exactly to the intensity of chemical action. These gas- 
stoves are recommended for warming lat^e or small build- 
ings, heating baths or boilers, builders' glue-pots, ofeemists* 
stills and spatulas, bookbinders' tools and arming-presses ; 
hatters', laundresses', and tailors' irons ; drying cigars ; 
broiling chops, steaks, and kidneys ; baking bread or pas«^ 
try, roasting, stewing, frying, steaming, toasting bread, 
roasting coffee, and other uieful purposes, many of which 
may be accomplished with cleanliness and very little 
trouble in any building, without a chimney. 

If the supply of atmospheric air is sufficient, all the 
carbon is converted into carbonic acid, and no smoke 
escapes ; but still some plan of removing the oarbooiie 
acid should always be secured, or injurious effects may 
follow. One exhibitor shows what he calls "atmopyre 
hoods " (241), in connection with his gas apparatus : they 
are made of porcelain ; the gas is introduced into the 
interior, and escapes through small perforations in the 
sides, l-50th of an inch in diameter, and when ignited, 
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boms witli a pale blue flam<e, and eiodttuig little or no 
light ; in a few minutee the mass becomes red-bot. 

B^ covering a cylinder of copper with wire gauae^ and 
disdiarging ooalrgas into the lower paart so as to cause it ta 
unite with a oertam vohime of atmospheric air, a gaseotus 
mixture is produced, which bums over the wire gauEe with 
a blue kmbent flame. The perforated hoods of porce- 
lain, in the invention described, are the representatives of 
the chemists' wire gauze, with the advantage, for heaidng 
purposes, that they retain a portion of the heat developed 
bj the combustion of the mixture of ooal^gas and atmo-. 
s]^eric air. 

The advantages to be derived from the uae of gas are 
many. The required heai can be obtained at any mcHuent, 
and most uniformly maintained as loaig as it is required, 
and immediat^y extinguished when no longer necessuy. 
In chemical laboratories it is now almost universailly em- 
ployed ; and, no doubt, in a few years it will be as oom- 
monly used in domestic establishments. 

Oas^umers. (Exhibitors 101, 431, 438, 445.>-To pro- 
duce the greatest degree of illumination, certain condi- 
tions are necessary. The gas should be saturated with 
carbon : this is effected by passing it through naphtha^ 
from which it takes up a considerable quantity ; the result 
being the production of a pure amher hght, provided 
the quantity of oxygen supplied and circulation in the 
chimney are . carefully adjusted. The gas-^bumers exhi- 
bited are intended to effect this adjustment : their rela- 
tive merits are to be established by experiment. 

Lamps. (Exhibitors 103, 132, 323, 360, 442, 446, 451, 
462, 466, 468, 459, 463, 464, 472, 474, 477, 487, 634, 638, 
644, 646, 697, 798.) — Under the names of carcel, diamond, 
condensing lamps, &c., a very considerable variety in the 
means for burning oil are exhibited. The great quality of 
a lamp is to keep the wick sufficiently suppHed with oil to 
maintain a good flame, without the flowing over of any of 
the combustible material Many of the examples are of 
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great ingenuity, and the amngementfly as regards fonn, 
&c^ in man J casesy are exceeding elegant 

Ice-Safes; Refrigeratan. (Exhibitors 600, 601.)— The 
Wenham Lake Ice Company hare exhibited their arrange- 
ments for preserving ioe. The circomstance of the trade 
in ice is not a little remarkable from its noveltj and the 
extent to which it is now carried oa ; this natural product 
being sent to almost everj part of the worid. 

There are some fiicts connected with the physical con- 
ditions of frozen water which are most remarkable. When 
perfectly still water freezes, the ice is always full of air- 
bubbles : this arises from the circumstance that water in 
freezing rejects everything which it may hold in solution, 
— air — colouring-matter — saline substances-^ or acids ; 
and being at rest these matters become involved with the 
frozen particles. But if the water while freezing is slightly 
agitated, all these matters accumulate either in the centre 
of the mass, or, as in the case of air, escape, leaving the 
ice perfectly pure. The ice of the Wenham Lake is in 
this condition — the water produced by thawing it, not 
even containing air. It might be incidentaUy men- 
tioned here, that the water thus obtained free from air 
does not obey the same law as ordinary water in relation 
to heat. Ordinary water, at the mean temperature and 
pressure of the atmosphere^ boils at 212° Fahr. But 
that which is deprived of air may be heated consider- 
ably alcove that pointy without indicating the least sign 
of ebullition ; and when it eventually commences, it is 
rather with the violence of an explosion than as ordi- 
nary boiling. 

In constructing ice-safes, the points to be attended to 
are — ^the formation of an envelope, or series of envelopes, 
which are very imperfect conductors of heat, so that the 
interior ice may not be affected by the temperature of 
the external air. Ice wrapped in flannel, for example, 
continues for a long time, even in a warm room, without 
thawing — ^the heat passes so slowly through that material ; 
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on which account it forms the warmest kinds of clothing, 
not allowing of the escape of that animal heat which 
results from vital action. Ice-safes are so formed that 
cases of air surround the frozen material, air conducting 
heat but very slowly. 

In refrigerators the artificial cold is produced by the 
Hquefaction of certain chemical compoimds. The heat 
required to produce hquefaction is taken from the body, 
which is submitted to the cooling process ; and hence by 
this means we are enabled to produce almost any d^ree 
of cold. Certain salts — these may be largely varied — are 
put together in the refrigerator : by their action on each 
other liquefaction ensues, and the water or cream placed 
in it parts with that caloric which kept it fluid, to produce 
fluidity in the freezing mixture, and it becomes sohd. 

The ordinary salts of soda, potash, and lime, with diluted 
acids, are usually employed; but where it is desired to 
produce a very intense cold, Thilorier's bath of soHd car- 
bonic acid and ether is generally employed ; with this many 
of the gases have been condensed into sohds and fluids. 

Fire-jyroof Safes. (Exhibitors 280, 356, 606, 607, 609, 678, 
646, 642.) — ^In all cases flre-proof safes consist of two 
cases, one between the other, the opening between the 
two being filled in with some non-conducting material, so 
that the inner lining of the case may never become incan- 
descent. This is in some instances efiected by the inter- 
position of clays, in others of chemical compounds, and in 
some a stream of water is made to flow through the 
chambers of the case whenever it is exposed to the action 
of fire. 

Anhydrohejpseterion. (500.)— This may be classed among 
the Uttle ingenuities of which there are many examples in 
the class. It is an arrangement by which the water con- 
tained in the potato is made to cook that vegetable. The 
potatoes being placed upon a faJse bottom, heat is apphed, 
steam is generated, and this being confined by a secure 
cover, the whole is readily and perfectly dressed. 

03 
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The same exhibitor has several other very ingenious 
contrivances for various purposes ; amongst others we 
may name the Pedestal Wash-stand^ the object of which is 
to produce an ornamental exterior, by which a useful 
article may be fitted for any apartment. 

Miscellaneous. — In this extensive class will be found a 
number of articles which cannot be grouped under any 
general head, amongst these may be named staUe stalls, and 
enamelled mangers (1) ; numerous specimens of ornamental 
iron castings, in the shape of carriage gates and orna- 
mental iron chairs ; horse-shoes, constructed of various 
shapes, for the purpose of insuring greater freedom and 
ease to the foot of the horse ; letter-copying machines (18, 
19, 20, 397) ; perforated brasses and woven wire Hinds, much 
' of the perforated brass displaying extraordinary fineness 
of work — one specimen (29) showing fourteen thousand 
four hundred square holes to the square inch ; forges ; bel- 
lows ; chimney-pots ; bell-pulls ; door-handles ; and all the 
numerous utensils employed for culinary purposes. 

Gas-meters, of the dry and wet kincb, win be found in 
this class, and a large dry gas-meter, fixed for convenience 
in Class I., by which all the gas supplied to the building is 
measured, should be inspected by those who desire to 
make themselves acquainted with the peculiarities of 
-ihese arrangements. 

Washing, Wringing, and Mangling Mcttkines (Exhi- 
"bitors 638, 643, 646, 548, 535), present many ingenious 
peculiarities. They are variously constructed. The use 
• of them may be understood from the following descrip- 
tion, which accompanies one of the models, which, with 
some sKght variations, applies equally to all : — 

The washing machine is used as follows : the clothes are 
to be steeped the night before, with as much hot water 
(having a httle soap and soda dissolved in it) as will cover 
them. Before commencing the washing, as many of the 
clothes are to be taken out as will allow the ranger to 
operate freely, and boiling water put in. It will be seen, 
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on inspection, that the dotheis, on being struck by the 
ranger against the side of the tub, take a triangular form, 
having ihe acute poixvt next the bottoni, so that, afbef 
being pressed agamst the side, they turn in faUing, and a 
eontinual revolving motion of the clothes is kept up while 
the opearation is going on. When thoroughly cleansed, 
the ranger and the clothes are taken out of the tvJb, and 
the wringer put in use to press out the water. The* 
clothes being put in at the slit of the wringing-bag, and 
equally distributed through it, the crank is to be turned 
until the water is pressed out, which is so efficiently done 
that a very short time's exposure in a dry atmosphere fits. 
them for the mangle. 

The mangling is accomplished by unrolling the man- 
gling doth to the length of the articles to be mangled^ 
then, the clothes being laid on and the handle reversed, 
they are taken in between the centre roUer and the mazv- 
gling cloth ; after a few turns, reverse the movement of the 
handle, when the clothes will appear on the feeding-bench 
ready for folding. 

Pigeon-Straps, rat-traps, fumigating apparatus, gauffering- 
xoaohines, house alarums, meat-preservers, &c., suf&ciently 
show, with the articles already named under this miscella- 
neous head, the great variety of ingenious artides to be 
discovered imder the general classification of Hardware. 

Urns, VaseSf &c. (401.) — These specimens of hammered' 
copper are very remarkable, as proving, under proper ma- 
nagement^ the ductile charact^ of this metal. The pro- 
gress of raising these vessels with the hammer is shown. 
The metal has to be several times annealed during the 
operation. 

Within the Class will be found many examples of electro- 
plating ; but as this process belongs more particularly to 
Class XXIII., our notice of the peculiarities of the process 
is reserved for that section. 
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The MEDiiBVAL Coubt 
(Exhibitors 529, 530, 531, 532, 533, 534, 535, 536) is di- 
rectly in front of the Sculpture Boom, and may be entered 
either from the Main Avenue or the Corridor. 

In the Catalogue it has been placed at the end of Class 
XXYI., to which class the numbers have reference ; but 
its position in the Building, and its metal and mineral ma- 
nufacture, appear to associate it with the Classes L and 

xxn. 

Its peculiarities consist in the revival of the ancient and 
middle age style of sacred and domestic fiimiture and deco- 
ration. The visiter will find how much the ancient work- 
ers in metal, stone, and timber, could effect, by referring to 
what is here shown, and which, in the majority of cases, 
are careful reproductions from celebrated models which 
now exist, and which have been copied and the wanting 
details supplied through the instrumentahty of A. W. 
Pugin, Esq. The metal-work by Messrs. Hardman, con- 
sisting of altar fittings, chandehers, corunnas, brackets, &c. 
in brass, the railings for a stove, and a hght to be used out 
of doors, formed of iron, and peculiar from the compticated 
and elaborate character of its ornament^ is worthy of 
attention by those who are interested in *' Curiosities of 
Manufacture," and exhibiting the capabilities of modem 
workers to accompUsh, when there is the will, those mar- 
vels, which those wedded to hoar antiquity deemed them 
incapable of. One feature will be observed worthy of atten- 
tion, the reintroduction of beaten work, viz., raising thin 
plates of metal by means of the hammer ; a mode which 
admits of the production of the greatest versatility of 
form, but which had been exchanged for the stamp and die, 
with the necessarily conventional forms dependent upon the 
necessity of attending to the ** lift" or removal of the "force." 
The lamps attached to the hanging-beam, suspended in front 
of the altar, the salvers, flagons, and plate, in front of the 
oak " buffet," are all raised by the process described. It 
is satisfactory to remark the successful revival of the 
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ancient art which flourished with so much success at 
"limoge," viz., enamel, which here lends its aid to bring 
out with greater splendour the "the patterns of bright 
gold," which show themselves with so much and excellent 
effect, in pix, expositorium, ciborium, &c., &c. In per- 
sonal decoration, a set of jewels, mounted after the olden 
style, minus the frittered ornamentation of to-day, are 
evidences good and true of the ancient appreciation of the 
value of form, apart from that complication which inter- 
feres -with the brilliancy, by the reduction of surface, upon 
which the Hght plays its most fantastic vagaries. 

The ornamentation of a variety of the smaller ecclesias- 
tical decorative pieces, with rich mountings of gold and 
silver, precious stones being scattered over the surfaces 
of cups and vases in profusion, has the most pleasing 
effect. There are other specimens of altar ornaments, of 
immense size, which also exhibit beauty of design and 
admirable finish : amongst these may be noticed six huge 
pillars in brass surroimding an altar, with angelic figures 
at the top. Brass chandeliers, brass stands and tables, 
images and candlesticks, candelabra, lecterns, &c., and a 
nimiber of prayer-books, in various bindings, will be much 
admired. The silver-gilt chalices, gilt flagons, altar crosses, 
&C., will also command attention. The rich priestly vest- 
ments are good examples of that kind of embroidery and 
ornamentation which are employed on the robes of eccle- 
siastics. The furniture of Grace, in combination with 
the works of Hardman and Myers, is truly effective, and 
especially is this the case in the font of stone-work in the 
centre of the court, the panellings of which are decorated 
with bas-rdie/s of an admirable character, while above the 
whole is a canopy of oak delicately carved. This is a fair 
sample of the excellence of this class of production. The 
principal portion of the furniture is placed on the eastern 
side of the Court; and, as a fine specimen, we direct 
attention to the carved bas-reliefs of Christ in the Garden, 
his carrying the Cross, and the Crucifixion, The tomb oc 
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Dr. Walsh, with its rare escuteheoos of encaustie tiles^ ia 
a fine example of imitative mediseTal art The Ca^oi stone^ 
carvings in the font, and the altar tomb, are characteristie 
revivals of the andent style of stone-cuttings of the best 
sculptors in the heyday of Christian art. 

On the side of the compartment, looking towards the 
Nave, wiU be observed the contributions in Stained Glass ; 
exhibiting considerable brilliancy and harmony of ookmiv- 

" Innnmerable of stains and splendid dyes 

As are ihetigeir^moth'B deep-damasked wags ; 
And in the midst, 'moag thousand heraldnea. 

And twilight saints and dim emblazonings, * 
A shielded scutcheon, blosh'd with blood of queens and kiofs.** 

The end which is sought after in these, is not to produce 
a picture (as in the great window in the Nave, decorated 
with scenes from Dante), but simply to produce a medium 
through which the Mght should pass unobsrtrucied, turning 
into purple and gold every detail which is cut with chise^ 
carved with gouge, or elaborated by worker in metal, or 
the produce of the loom, which decorates the interior of 
the Building, in whose mullioned windows the stained glass 
is inserted. The curious variety of Art Manufactures 
which crowd this Court, whether in the form of carved 
oaken balustrade, "buffet," bookcase, or rood-screeib— 
paper-hangings, resplendent in their contrast of rich 
gUding with the deep blues aad crimsons of their ground, 
textile hangings and cloths for altars, revealing the produce 
of the looms of continental celebrity, or Minton*s tiles, 
excellent copies of the old encaustic varieties — ^will be 
found to be objects of much interest, particularly when 
viewed as the revival of that style of church decoration, 
which sought to give expression by symbolic representa- 
tions to the pervading spirit of piety — ^under the influence 
of which arose those splendid fanes, which must for ever 
exert a solemnly soothing influence upon the mind of 
every one who walks within the shadow of their graceftiHy 
arched aisles. 
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Class III. — Animal and Vegetable Substances 

USED AS Food. 

Brttation og Glass 3. — In the Southern Gallery^ between ^syr 
the Section devoted to Chemicals, and that appropri€tted to 
Naval Architecture. Between Fillars O. and P., 16 and 26. 

Fosition of Groujps (Numbers referring to Pillars).— 
Preserved Meats, 16 to 17.-— Tea, CoflFee, Tobacco, 17 to 18. 
--^Starch, Mustard, Salt, 19 to 20. — Preserves and Pickles, 
21.— Seeds, 22 to 23.— Grass, Grain, &c., 23 to 24.— Peas, 

Peppers, 25. — Woods, Vegetable Produce of Scotland, 26. § 

c 

BaiTsra AGkKicuLiruBAL Produce. z 

Wheat. (Exhibitors 70, 71, 73, 74, 75, 79, 82, 88, 90, * 
«1, 92, 93, 94, 100, 104, 105, 106, 114.) 

Wheat FUmr. (Exhibitors 150, 152, 169, 160, 162.) 

In the absence of authentic official data, the vahie 
of the agricultnral produce of the United Kingdom 
is mere matter of conjecture. In Weld's ''Statis- east" 
tieal CompamoD for 1850," that of England and Wales is ' 
estimated at 69,160,000?., taking the average yield of wheat 
at 26 bashels, barley and rye at 32 bushels, oats 36 bushels, 
beans 36 bushels per acre ; and taking the average price 
«f wheat at 50^., barley and rye 30s., oats 25«., and beans 
350. the quarter ; allowing also 57. 6«. as the value per acre 
of root crops, tiimips, potatoes, &c., and calling the pro- 
duce of hops and gardens 2,250,000?. per annum. 

By the same authority the arable land of England and 
Wales is stated at 11,053,370 acres ; the meadow and pas- 
ture at 17,605,630 acres ; the arable land of the United Eing- 
■dom at 19,136,990 acres; the meadow and pasture at 
37,386,980 acres, making a total of 66,522,970 acres of culti- 
vated land. At this rate the value of the produce of the 
United Kingdom would be about 140,000,000/. 
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In Spackman's ** Statistical Tables for 1843 " the average 
produce of England and Wales is estimated thus : — ^Wheat, 
21 ; barley, 32^ ; oats, 35^ ; rye, 23f ; peas, 23 ; beans, 25i ; 
potatoes, 280 — ^bushels per acre. At the average prices of 
that period, the value of this produce was supposed to 
amount to 61, the acre ; and allowing the cultivated land of 
the United Kingdom to be 46,522,970 acres (about ten 
millions of acres less than Weld's statement), he reckons 
the value of its produce at 279,137,820/., but thinks that 
^cent improvements might have raised it to 300,000,000/. 

^ we money the arable land of Weld*s statement by 
5/., and the meadow and pasture by 2/., we shall have 
170,000,000/. as the value of the annual produce of the 
United Kingdom. Again, the rental of lands in Great 
Britain, assessed to the income-tax at present, exceeds 
37,000,000/. ; which, if equal to one-fourth of the gross 
produce, would make the latter 148,000,000/., exclusive of 
that of Ireland, where there is no income-tax, but where 
the rental was estimated at 9,000,000/., before the extensive 
and repeated failures of the potato, which have deranged 
so completely the agricidture of that country, and the 
social system based on it. 

Thus vague is all the information attainable on this im- 
portant subject ! 

The division of agricultural produce into primary crops, 
or those applied directly as human food, and secondary, 
fallow, or forage crops, destined for conversion into animal 
produce for the formation of manure, and the cleaning 
and pulverising of the soil, may be adopted as a general 
classification, although not strictly correct. It indicates 
one principal cause of the great advances made by British 
agriculture during the last seventy or eighty years — ^the 
substitution of these alternating grain and forage crops 
for the old system of three or more com crops, followed 
by a bare fallow, or by rest under natural pasture. The 
modem system admits of the maintenance of large quan- 
tities of live-stock on arable land ; and, by the attention 
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paid to the improyement of the breeds of domestic 
animals, these have greatly increased in average weight, 
and reach maturity at an earHer age than formerly. It is 
chiefly through these improvements (combined, however, 
with comx>etition among the agricultural class, for the 
occupation of land), that the general rental of land has 
increased since 1815, in the face of a great and continued 
decline of prices. This increase is proved by a comparison 
of the income-tax returns for 1815 and 1842. At the 
former period wheat had averaged for the preceding five 
years 102s. 7d, the quarter, and the rental of land was 
assessed at 32,502,000/., the lowest price at which wheat 
could be grown without loss being then supposed to be 
SOs. the quarter. In 1842, when wheat had averaged, for 
five years, no more than 64«. 7d., and the remunerating 
price was deemed 56^., the rental of lands amounted, 
according to the same returns, to 37,794,000/. This was 
exclusive of the rental of Ireland. 

It is to the general difiusion of this improved farming, 
which has made greater progress in some districts than in 
others, and to the apphcation of chemical science to agri- 
culture, &om which we have already reaped some valuable 
results, that we must look for such an increase of home- 
grown produce as shall meet the demands of our rapidly 
increasing population. From the extensive importations 
of foreign and colonial produce which have taken place 
since 1846, and from the absence of all accumulation of 
food, either of foreign or home growth, it is evident that 
the consuming powers of the British people are greatly in 
advance of the producing powers of British agriculture. 

In examining the agricultural produce of Britain, as 
represented in the Exhibition, it will be advantageous to 
commence with the Collection of the Vegetable Produce of 
Scotland, exhibited by Messrs. Lawson & Son, of Edin- 
burgh, not only because of its completeness and systematic 
arrangement, but because of the copious and elaborate 
Synopsis by which it is illustrated. 
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To the divisioDS of this synapoB ma j be inferred the 
instdated i^Mciiaeiis of agricultunl produce sent by other 
Exhibitors from various parts of Kngjand and Irdaad^ 
whidi, b^Dg close at hand, may be oonTeDiently studied in 
coanectioa with it. 

This collection is arranged under six heads — 

1. Plants cultivated for their seeds and straw, sudi as 
the ceresis and leguminous plants ; 

2. Those cultivated for herbage and forage, such as the 
grasses and clovers ; 

3. Those cultivated chiefly for their roots, as potatoes, 
turnips, &c. 

4. Vegetable products, whether cultivated or of £^nta- 
neous growth, used in tiie arts and manufifcctures, either 
for their fibre, as flax and hemp ; for oil, as flax and rape ; 
for their colouring-matter, as woad, or for miscdlaneoQB 
purposes, as the fdUer's teazle. 

5. Plants, whether wild or cultivated, used in medicine. 

6. Plants used for timber, including, besides the indige- 
nous trees, those which have been naturahsed in woods 
and plantations. 

Of the first division, plants cultivated for their seeds and 
straw, the Lawson collection contains more than 400 speci- 
mens. Those most generally cultivated in Scotland are ex- 
hibited in sheaves or bundles ; those which have only been 
cultivated experimentally are represented by small dried 
specimens, each with the name attached, hke those in a 
herbarium, with numbers referring to the Synopsis, in 
which a full description of them is given. Each is accom- 
panied by a specimen of the seed, in sufficient quantity to 
be produced for sale in a sample market. The various 
kinds of meal, prepared from those in most general use, 
are exhibited in connection with the kind of grain from 
which they are derived. 

The first and most important section consists of the 
cereals ; among these, wheat (Tritieum) claims the first no- 
tice. Of the seven groups, whether species or varieties, of 



6. P. !»— 25.] WfllHL*. 19$ 



which it is composed, the most importa»t is IVitieum 
tivum. To this belong ahxiost all those m genewd ooltiva* 
tion, whether distinguished by the cokmr of the gram, as 
white and red wheat ; by a short and compcuit ear, as 
Piper's Thickset ; by an ear of medium length, as 4he Chid- 
ham ; or by a long, loose, and narrow ear, as the TalaTera. 
In this group the Lawson Synopsis enumerates 142 vib- 
rieties, out of which 24 may be seen exhibited in sheaved^ 
as generally cultivated in Scotland. Many of these are the 
common varieties of England, from which they have been 
introduced into Scotland. For their names, qualities, hds* 
tory, and the names of the individuals by whom they 
were discovered, or raised, or introduced into Britain, the 
Lawson Synopsis, which gives th^n in Ample detail, should 
be consulted. 

Next to Th'iticum mtivum rank, in these iidands, the 
varieties of Triticwm turgidnm^ or bearded wheat, distiaf- 
guished by their long awns, hke those of barley, and the 
strength of their straw, which renders them well adapted 
to land on which finer-strawed wheat is apt to be lodged. 
From their lateness they are not suited to the northem 
portion of Britain, and from their coarseness they are not 
in very high general estimation in any part of it. The 
range of Triiicum durum, or hard wheat, is along the shores 
of the Mediterranean and Levant. It yields the flour from 
which macaroni is made, and is frequently imported into 
the London market, where, from its hardness, it is dishked 
by the millers. This, and Tritieum Polonicum, called Polish 
rye, Grecian wheat, wheat of Cairo, and Mogadore wheat, 
are wholly imsuited to our climate. Tritieum speUa, ot 
spelt wheat, might be grown here ; but though extensively 
cultivated in Germany and other parts of the Contineai^ 
it has not proved, on experim^it, suffici^itly profitable to 
estabhsh itself in this country. It is distinguished by its 
long, slender, and erect ears, thin spikelet, and coarse 
adhesive chaff. 
Among the different kinds of meal prepared from wheat 
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will be seen, besides fine, second, and coarse, flour with 
pollard and bran, of different degrees of fineness, a meal 
called semola, consisting of the gluten of wheats separated 
from the starch. 

The specimens of wheat contributed by other exhibitors 
are— Eggshell white wheat, grown in Suffolk, 64 lbs. per 
bushel. Very large and full-eared white Cornish wheats in 
the straw ; and from the Truro Local Committee, Cornish 
red wheat, grown in the neighbourhood of Penzance, re- 
commended as suited to the high and exposed lands of 
Cornwall, and much approved by the millers for the qua- 
lity of its flour ; also specimens of white wheat^ specially 
recommended for such situations ; together with a sheaf 
of white wheat from Truro, named the Qiant-straw Wheat. 
Kessingland wheats grown on a light soil, at Hengrave, 
Suffolk. Specimens of wheat produced by hybridisation, 
and of the Hopetoim and Piper's Thickset^ from which the 
hybrids were obtained. Specimens of ears of wheat^ arti- 
ficially hybridised, with the parent varieties, in each case, 
from which the hybrids were derived, showing, in most 
instances, improved colour, luxuriance of ear, or strength 
of straw, and, in a few, deterioration. A variety of rivet, 
or bearded wheat, named Defiance, from Moat, Essex, 
stated to be recommended by the principal agriculturists 
of the neighbourhood as .being very proUfic, and of good 
quality. A new variety of white wheat^ weighing 64} lbs. 
per bushel ; sample described as taken from the bulk, and 
neither screened nor hand-picked. Rednstraw white Essex 
wheat, Nursery red lammas, red wheat, and Talavera wheat, 
grown in Wiltshire, and Collyweston white wheat. Hoary 
white wheat, produce over five quarters to the acre, and 
white trump wheat, grown on a poor soil, weight 67 lbs. per 
bushel ; with improved white wheat, 66 lbs. per bushel, 
and white Chidham wheat, Footscray, Kent, described as 
weighing 74 lbs. per bushel We also find specimens of 
ears of wheat, grown by spade husbandry and dibbling, 
and some Chidham wheat, grown on the Boyal farms at 
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Windsor Park, weight 64 lbs. per bushel ; soil retentive 
yellow clay. Lastly we have white wheat, from Nairnshire, 
first crop on recently improved land not worth previously 
more than Is, per Imperial acre ; produce about five quar- 
ters, weight 65 lbs., dressing 3 cwt. of Peruvian guano. 

The specimens of wheat above eniunerated consist in 
general of a bushel, and frequently of larger quantities. 
They are followed by samples of wheat flour. 

Bye (SeccUe). (Exhibitors 104, 105, 114, 115.)— This, the 
prevailing grain of the north temperate zone, grown exten- 
sively in the south of Sweden, Norway, and Denmark, and 
all the lands bordering the Baltic, in the north of Germany, 
and in Siberia, was once much cultivated on the poor soils 
of England for the food of man. Under an improved 
agriculture, it has been supplanted by wheat. Before the 
late Earl of Leicester commenced his improvements in 
Norfolk, the Holkham district was a rye coimtry ; the 
peasantry Hved on rye bread, and the small quantity of 
wheat consumed in the houses of the gentry was imported. 
Now the food of the rural labourers is wheaten bread ; the 
land, which formerly produced only scanty crops of rye, 
averages four quarters of wheat to the acre, the rent has 
advanced to 20^. and 25s. the acre, from less than 3^., and 
the district exports wheat largely to London and the north 
of England. So slow, however, is the march of improve- 
ment in agriculture, compared vdth what it might be, that 
nine years elapsed after Lord Leicester had proved that 
the Holkham soil was capable of growing wheat, before he 
could induce a single tenant-farmer to'follow his example. 

Bye straw is still valued by the brickmakers as a cover- 
ing for their bricks while in the hacks, on account of its 
stiffness and durabiHty ; and it was in demand for bonnet- 
making before the alteration of the tariff, which admitted 
foreign straw-pladt free of duty ; but rye is now chiefly 
cultivated in Britain as early green food for sheep and 
horses, either alone or mixed with vetches. A variety 
recently introduced under the name of St. John^s-day, or 
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MidBummer rj^ is later in miinii]^ to ear and ripeuioig 
tbaa the coiuaoii sort^ producing longer straw, larger ears, 
and more root foliage. Meesrs. LawsiHi describe its culti- 
Taiion as n^idlj extending in Scotland for the first crop 
on reclaimed moorkaid. So great a stranger has rye be- 
come, as a com crop, to British feirming, that there is 
scarcely a specimen of it to be seen in the Exhibition^'ex^ 
cept in the two collections named. 

BarUy (Hordeum). (Exhibitors 70, 71, 73, 70, 99, 102, 
104^ 110^ 112.) — Of the four species, or principal varieties, 
JBordeum vtdgare, here or bigg, and H. distichon, two-rowed 
or long-eared barley, are the most important. M. Jiexasti- 
than, or six-rowed barley, and H. zeocriton^ or sprat-barley, 
being scarcely cultivated, or worthy of cultivation, in 
these islands. J7. vulgar^ is chiefly grown in Scotland; 
M, digtichon in England. The LawBon Synopsis enume- 
rates 12 varieties of the former, and 26 of the latter. The 
favourite mtlting barley in England is the Chevaher, intro- 
duced by Dr. Chevalier, of Aspall, about 20 years ago, 
distinguished for its round and plump grain and sup^or 
yield. It is also largely grown in Scotland, where, how- 
ever, its sample is in general inferior to that of English 
growth. Specimens may be seen in the Lawson Collection, 
and also with other varieties of barley exhibited by the 
various contributors. These consist of the following :— 
(70.) Chevalier barley, 56 lbs. per bushel, and the malt 
made from it, at Ipswich, 42i lbs. (71.) Black barley, in 
the collection of the Truro Local Committee. (73.) Che- 
vaher barley, grown at Hengrave, Suffolk. (76.) Barley 
grown in the county of Wexford, Ireland. (99.) Black 
barley, from Ballymore, county of Roscommon, Ireland, 
grown from African seeds. (102.) EngUsh barley (two- 
rowed), grown near Pitlochry, Perthshire, 600 feet above 
the sea. (104.) Barley in the collection of Messrs. Gibbe 
& Co. (110.) Barley, after turnips, in a five-course rota- 
tion, with the ordinary farm-yard manure, Banchory, 
Scotland. (112.) Skinless ChevtJier barley> a new variety. 
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Irom Beading, ^decimeos of barley-^ineal and barley-bread 
may be seen in the Lawson Collection ; also specimens of 
pot or pearl barley, coarse and. fine. 

Malt (Exhibitors 70, 76, 77, 78, 107, and Class 2, No. 91.) 
— (70.) Malt from Chevalier barley, made at Ipswich, 
42^ lbs. per 1)usbel. (76.) MaJt from barley grown in the 
County of Wexford. (77.) White, amber,-and brown malt, 
made at Bishop's Stortford, Herts. (78.) Pale malt from 
Chevalier barley. (104.) Barley in the collection of Messrs. 
Gibbs & Co. (107.) Malt, manufactured at Antingham, 
Norfolk, weighing 43, 43J^ and 44 lbs, per bushel. (148.) 
Patent crystallized malt^ described as being converted into 
sugar. 

In the Chemical Department (Class 11., No. 91) is ex- 
liibited an Imperial gallon of porter and ale, of medium 
sta*ength, with the respective quantities of msJt and hops, 
used in the production of each. We have, 1st. The barley, 
as prepared for malting ; 2nd]y. The same, sprouted, when 
the developnent of the diastase is at its maximum ; 
3^dly. The same, dried in the kihi, as malt, with a por- 
tion charred or roasted, for the colouring of porter. 

The process of malting converts the starch of the grain 
into sugar in precisely the same nuoiner as this takes place 
in natural germination. The grain being moistened, is 
placed on the malting-floors and kept at a certain tempera^ 
ture — ^germination begins, the starch absorbs oxygen, and 
is converted into sugar — ^which is evidenced by the sweet- 
ness of the malt Si& compared with the barley: at this 
stage the process is stopped, and the malt dried for use. 

Oats (Avena), (Exhibitors 85, 86, 104, 105, 107, 115, 153, 
159, 161, 162, 163.)— The range of cultivation of this grain 
extends even to the Arctic Circle. It forms the staple 
cereal product of Scotland. Of the 2,400,000 acres of arable 
land' in that countiy, it is estimated that 220,000 are 
appHed to the culture of wheat^ 280,000 to barley, and 
1,275,000 to oats. Oats also enter largely into the food of 
the peasantry of Wales, and of the English counties north 
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of Trent. Of the Beven species, or principal varieties of 
oats, those most generally cultivated in Britain are the 
Avena sativa^ or common oat ; Averui ortentalisy or Tarta- 
rian oat, distinguished by the panicle being more con- 
tracted, and confined to one side, very prohfic, and suited 
to high situations and inferior soils. Out ©f the 60 sub- 
varieties of Avena in the Lawson Collection, not above 30 
are grown in Scotland, and of those only 12 are in general 
cultivation. Avena brevis, or short oat, extensively grown 
in the moimtainous districts of France, is held in no esti- 
mation in Britain. The Avenxi nuda, or naked oat, has the 
appearance of an oat from which the hull has been re- 
moved. Though many experiments have been made with 
it in England during the last two centuries, it has not 
estabhshed itself, probably jfrom its hability to shed when 
ripe ; although it is very proHfic, and grows well on poor 
soils. Avena sterilis, closely aUied to Avena fatua, or com- 
mon wild oat, is occasionally cultivated in gardens as a 
curiosity, under the name of Fly, or Animated, oat, from 
the property the grain has of acquiring a creeping motion, 
when the long awns are acted upon alternately by heat 
and moisture. Both this and the seed of Avena fatua are 
sometimes, from their resemblance to a winged insect^ 
used as bait in salmon-fishing. 

The manufactured produce from the oat is exhibited in 
its varied forms, of oatmeal of ordinary quahty, small, very 
small, very fine and high-dried oatmeal, oatmeal bread, 
and groats ; together with the seeds and hulls of oats, 
used as cattle food, and from which sowens is prepared, 
by steeping them in water. The specimens of oats and 
their manufactured produce are not numerous. 

Maize, or Indian Com (Zea, Mays). (Exhibitors 71, 98, 105). 
—A native of South America^ and the only grain cultivated 
there at the time of its discovery. Various attempts have 
been made at different times to cultivate it in this country, 
but without success. It is only the dwarf varieties which 
will ripen here, and that only in favourable seasons. These 
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attempts have been renewed of late, eince the potato- 
fidlure has rendered necessary such large importations of 
maize for the support of the Irish peasantry. 

Specimens may be seen in the Lawson and Cornish 
Collections; also at 98, forty-days' maize, from the 
Pyrenees. If maize shall ever establish itself among British 
farm produce, it will only be for consumption in a green 
state as a forage crop. 

Canary grass (Phalaris canariensis), (106.) — Is grown 
in considerable quantities in the south of England, par- 
ticularly Kent^ chiefly as food for cage-birds ; at least 
the growers know of no other purpose to which it is ap- 
plied. In the Canary Isles it is ground into flour, and 
produces a nutritious bread* 

Legumirwus Plants, — Beans {Faha vulgaris), (Exhibitors 
73, 83, 92, 94, 107.)— These are divided, in the Lawson Sy- 
nopsis, which contains 25 varieties, into three sections : — 

1. The common field varieties ; 2. Varieties suited either 
to the field or garden ; and 3. Gkurden varieties. Besides 
samples of the seed and specimens of the dried plant, that 
collection exhibits models in wax of the pods of each 
variety. In other parts of the Exhibition specimens of 
beans are not numerous. They consist of (73) tick beans, 
with white eyes, grown at Hengrave, Suffolk ; (92) golden 
pod-beans ; (94) prolific beans, from near Newbury, weight 
70 lbs. per bushel; (107) Augusta beans, Koyal Farms, 
Windsor Park, 72 lbs. per bushel ; (83) beans grown in 
1850, on stiff" clay soil, near Banbury, destitute of phos- 
phate of lime ; specimens of the soil in its natural con- 
dition, and of burned clay, with 22 per cent, of phosphate 
of lime and magnesia added as a dressing. 

Kidney-beans {Phaseolus vrdgaris), (Exhibitors 104, 105.) 
— ^The kidney bean of England, the haricot of France, 
comprises 34 varieties, including the dwarf and climbing 
sorts. In France, and other parts of Europe, in the 
Canadas, and the United States, they constitute a field 
crop cultivated for the ripe seeds, of which various dishes 
I. H 
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•aire made. With ua they are only cultivated for the greea 
]»ods, and that by no means extensively. The kidney bean 
thrives on light soils of mediom fertility^ yielding a- 
produce often more than double that of any other legume. 
The dwarf kinds might be cultivated with advante^ in 
this country, as a substitute for the potato. The ripe 
jseeds boHed, with a small piece of butter stirred among 
them while hot, and sprinkled with pepper, form a very 
palatable, as well as nutritious dish, which would be & 
valuable addition to the cottager's fare. 

Feas (Pimm sativum), (Exhibitors 92, 94, 73, 83X am 
divided into four sections :— •!. Those suited for field cul- 
ture ; 2. Those suited to field and garden culture ; 3. The 
garden sorts ; and 4. The sugar peas, or those whose pods 
can be eaten entire like kidney beans, from the absence of 
the tough inner film or endo-oarp. Split-peas, pea-dust,. 
«nd peanshellings, together with pea-bread, are exhibited 
in the Lawson Collection. Before the introduction of the 
potato into general cultivation, peas were used more ex- 
tensively than at present as the food of the peasantry ; 
and Dr. Buckland has recorded a remark of an old labourer, 
as to the greater strength derived from a pea diet^ and the 
'degeneracy of a potato-eating race. Like all the legumes, 
they contain a large proportion of a substance analogous 
to the glutine of wheat^ to iddch chemists have given the 
•name of legumine. In the northern counties, and in parts 
of Scotland, pea^meal still forms a pc^ion of the floor 
from which the bread of the peasantry is made. 

Lentih (Ervum lens), (Exhibitors 103, 106.)— This is K 
plant which, though introduced at an early period into- 
Britain, has been much neglected. On the Contin»t it w 
even more common, as a field crop, than the haricot ; and 
it appears worthy of attention, among us, as a substitute 
for the potato. At No. 103 will be seen specimens, both 
of the plant and of the seed grown as a field crop, in 185©, 
by M. A. P. GuiUerez, South Queensferry, and for which 
the Highland Agricultural Society awarded him their large 
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gold medaL The flour of leutils, which is sold at a hj^ 
price, under the name of ErvaJeuta or Eevaleut% os a food 
for delicate stomachs, is said to afford a meal, in most of 
the southern countries of Europe, for little more than a 
farthing for each person. The following are the quantities 
of starch and legumine contained in peas, kidney-beans, 
and lentils : — 

hegxuame. Starch. 

Peas, per cent. . . . 2.6*4 43*6 

Kidney-T>eans ditto 
Field-beans ditto . 
Lentils ditto . . 



23*6 43-0 

11-7 • 50-0 



. 38-5 32-8 

The lentils^ however, were dried to that point that ihsj 
lost 14 per cent, of water, which would somewhat reduce 
the proportion of legumine and starch, but still leave the 
former larger than in the other legumea. 

Buokwheat {Pdy(mwmfagQ(pyTU'm). (Exhibitors 104^ lOd.) 
-«*Cultiyated on poor land as food for pigs, poultry, and gam^, 
and for the use of the distillers. In France it is made into 
bread We have eaten it in Ireland during the famine of 
1847. It is also used in France as food for horses, a bushel 
of ^Tain being considered equal to two bushels of oats. 
Bees delight in the flowers. 

SecmtdoLry or Forage Crops. (Exhibitors 84^ 104, 105, 112, 
114.) — The grasses and clovers are represented in the 
Lawson Collection by dried specimens^ and by specimens 
of their seeds ; both of which will also be found in the 
collection of Messrs. Qibb and Co., which contains all the 
agdcii4tura]9 garden, and nursery seeds in which they deal 
Ai M, Brsbish Grasses^ are also exhibited, at 114 ; per^mial 
vy9-gcae» seeds from Nairnshire. At 112, seed of purple- 
k>p|ped ye^ow hybrid turnip, d«sciibed as valuable for Bcm- 
mg as a substittuie for Swede*. 

Beet B^tgar. (10d.>^Me»n». Lawson r^pareaent the xoots 

iOE tamipfi^ oanoto, parsmps, nungold-wuxse], &c., by wsax 

mdoybi, accompanied by dried apdcimesks of tis^ leaves axid 

.flo!ipes% and by samples of the MdL For detail^ the visiters 

h2 
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to the Exhibition should consult their S3mop8es. Among 
the rarer roots, will be seen the white beet, cultivated in 
France, for its sugar. As there is at present a desire, on 
the part pf the agricultural interest, to cultiyate it in this 
country, it may not be uninteresting to refer to the statis- 
tics of sugar-making in France, as collected for the French 
Government by Dumas, and reduced to English weights 
and measures by Sir R Kane, in his '^ Industrial Resources 
of Ireland.** It appears that the crop does not exceed 12 
tons an acre. Thirty or forty tons may be produced by 
high cultivation ; but the carbon in that case goes to 
form woody fibre, instead of sugar, so that 12 tons is, in 
effect, the most profitable crop. The value of this to the 
manufacturer is 16s. Sd. per ton ; at which rate, if he could 
purchase coals at 128. the ton, the prime cost of the sugar 
would be 268. 6c?. the cwt., or 2{d the pound, after giving 
the manufacture credit for the refuse pulp as cattle food, 
for the skimmings of the boiler as manure, and for the 
treacle. The value of the crop, therefore, to the farmer, 
would be 10/., delivered at the sugar works, subject to a 
deduction for the purchase of manure, which cannot be 
estimated at less than 308. the acre. The intelligent 
farmer will compare such crop with 25 or 30 tons of man- 
gold-wurzel, raised as cattle food to be consumed upon the 
land, and judge for himself of the relative profit attending 
the growth of each. 

It seems, however, that beet-sugar is not to be the only 
British sugar. At No. 149, we find a small loaf of sugar, 
made from canes grown in the county of Surrey, whether 
in the open air or in a hot-house is not stated. In America 
nauch sugar is made from one species of maple. Why not, 
if we must be a sugar-growing country, plant woods of 
the sugar-maple on soils, of which we have plenty, more 
suited to woodland than pasture or arable culture, and 
the value of which, as woodland, is now much reduced by the 
facilities which the railway system affords for the convey* 
ance of coals to inland districts, remote from the collieries ? 
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Hops (Eumulus luptdua), (Exhibitors 59, 60, 61, 62, 63.) 
—Those in Britain are a southern crop. Such strangers 
are they to the agriculture of Scotland, that in the 
Lawson Collection they are classed with the medicinal 
plants, and are represented by a hortusr-siccus specimen, 
and their ultimate produce is exhibited as tincture of 
hop, and essence of hop. In the English part of the 
Exhibition, allotted to articles used for food, the hop 
assumes greater importance. We there find a hop-merchant 
exhibiting ^(Ko. 69) — Golding hops, grown in the district 
called " the Hill," and used for brewing the finest ale. 
2. The same grown in East Kent, and used for the finest 
pale ale. 3. The same grown in the heart of Mid-Kent^ 
and used for the best brown ale. 4. Joneses hops, grown in 
various parts of Kent and Sussex. 5. Colgate hops, a very 
hardy plant, grown throughout Kent and Sussex ; but the 
flavour is not much approved. 6. Hops, the growth of 
Essex and Worcester. At No. 60, we have a bag of hops, 
grown within three miles of the sea, in the parish of 
Guestling, Sussex. 63. A pocket of Mid-Kent hops. 61. A 
pocket of Pamham hops. 62. True Golding hops, grown 
at Pamham, on the estate of T. M. Payne, Esq., with 
a notice that, in Class 1, other specimens of the same 
are exhibited, in connection with the rich beds of phos- 
phoric fossils, on which these hops are grown. He also 
exhibits Goldings of the early pickings and of the late 
pickings, and Whitebines of the early and late pickings. 

The durabihty of the Pamham hop-grounds is probably 
due to the phosphate of hm# which abounds in the out- 
crop of the greensand strata of that neighbourhood. But 
the dehcacy of the hops of that district arises in a great 
measure from the early period of picking, and the care 
taken in the process to keep them free from leaves and 
portions of the bine. They are more used for brewing in 
private famihes than by the public brewers. 

Hop Mould, (64.) — The hop is a precarious crop, sub- 
ject to various injuries from parasitic plants and from 
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the attacks of insects. The most formidable of the former 
is mould — a fungus, Erysiphe macularis, which, in the 
different stages of growth, produces the black, white, 
and red mould. It originates in sporules or seeds, and 
increases by detached cells before it produces spores- 
It derives its nourishment by imbibing the juices of the 
hop, on the leaves of which it is developed. At No. 64 is 
a plate, engraved from Dr. Plumley's microscopic prepara- 
tion, by Mr. Brett, of Maidstone, forming No. 5 of a series 
of illustrations of the parasitic fimgi of the British form. 
This plate exhibits — 1. The fungus in the first stage of 
growth on the hop-leaf, consisting of a delicate superficial 
thread-like web, composed of elongated cells. 2. It soon 
produces numerous lateral branches composed of rounded 
cells. 3. The terminal branches become detached, either 
singly or unitedly, and fell off in great numbers. 4. Many 
of the detached cells throw out a thread-like web, and form 
fresh mould, but the greater portion die. 5. It next pro- 
duces globular bodies or spores, which throw out fibres in 
all directions, and are first white (white mould), changing 
to brown or black (black mould) ; they then burst and 
discharge numerous sporidea, containing sporules, or germs 
of future mould. The red mould of the hop-growers sig- 
nifies the premature death, partial or complete, of the hop 
itseli^ from the fungus arresting its growth. 

In consequence of the Excise-duty, on hops we are fur- 
nished with accurate statistics respecting their cultivation 
for a long series of years, which are wanting in other more 
important departments of agriculture, and which are 
greatly to be desired. The number of acres under hops 
in Britain is in a state of constant fluctuation. The cul- 
ture is confined to a few coimties, and Kent has the 
largest share of it. They are planted not only on land 
which is suited to them, and on which a hop-ground may 
be considered perennial, but on unsuitable soils, on which 
the duration of the plantations does not extend beyond 12 
years. A succession of unproductive seasons produces 
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high prices, and m&ay are tempted to plant. By the time 
the new plantations reach maturity, the increased breadth 
of hop-ground, combined! with a succession of productive 
seasons, causes low prices, and a large portion of the in- 
ferior hop-grounds are grubbed. The greatest number of 
acres under hop culture was 56,323 in 1837 ; the average 
for the 30 years ending 1844 was 47,870, on which the 
average annual produce was 6 cwt. 1 qr. 2i lbs., and the 
average price 6?. 19». the cwt. The greatest average pro- 
duce was, in 1808, 13 cwt. 2 qrs. 2} lbs., and in 1826, 
11 cwt. qrs. 5^ lbs. The smallest average yield was in 
1825, 1 cwt. qrs. 8i lbs. The highest price during the 
same period was in 1817, when Canterbury and East Kent 
hops averaged 28?. lOs. the cwt. ; the lowest in 1821, when 
the same quahties averaged no more than 4i. 4s. 6d, 

Mttstard. (119.) — ^Before we quit Class III., in which 
are exhibited substances used as food, mustard must be 
noticed as a product of British agriculture. At 119 are 
specimens of brown and white mustard, in the state of 
seed, crushed seed, and mustard flour. White mustard 
has recently assumed some importance as a forage or 
fallow crop, to be fed off with sheep, or ploughed in for 
the improvement of the soil. 

Oil'Seed Cakes. (66.) — ^English linseed-cake from Boston, 
with specimens of linseed-oil and rapeseed-oil. Linseed- 
cake from Hull, Beverley, Newcastle-on-Tyne, and Dublin. 

The oils exhibited in this section belong partly to sub- 
stances used as food, and partly to those used in manufac- 
tures. The principal British oils, and almost the only oils 
exhibited, are those derived from hnseed and rapeseed. 
Their refuse, linseed-cake and rape-cake, may be consi- 
dered as substances indirectly apphcable to himian food, 
through the sheep and oxen which are fed with the former, 
and the wheat and turnips which are manured by the 
latter. Eape-cake is, however, beginning to be used, and 
successfully, as food for sheep and cattle, mixed with lin- 
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seed-coke. Mr. Posey was, we believe, the first to emploj 
it in this way. 

■ Ouano, (66.) — ^By the side of these a^ exhibited sped- 
mens of «uan<^BoUvian and Peruviai»-^uper-phoBphata 
of lime, and other drill manures. 

The importation of guano, which commenced in 1841^ 
has increased to 83,438 tons in 1849, and 116,926 tons in 
1850, the money value of which, exceeds one million 
sterling. South America is now the chief source of supply. 
While that on the African coast was unexhausted, the 
guano imported in 1845 amounted to as much as 220^934 
tons, employing 683 ships. Fresh discoveries are said to 
have been recently made on the coast of Western Australia. 
Bones have been used, in large and increasing quanti- 
ties, as a manure for turnips, for more than 40 years. Till 
very recently, the nature of their action on the turnip was 
little understood; and their principal efficacy was attri- 
buted to the gelatine contained in them, as a source of 
ammonia. Burned bones, however, deprived of their gela- 
tine, were found nearly as efficacious. Liebig insisted 
that their virtue lay in their phosphoric acid ; and he 
pointed out the advantages which would result from using 
them in the liquid form, as superphosphate of lime» 
diluted with, water. The earth of bones consists of lime, 
Combined with phosphoric acid, in the proportion of 61' 
per cent, of lime, and 48^ per cent, of phosphoric acid. 
Of this compound bones contain about 57 x>er cent. The 
horns, hoofs, and nails, as well as the flesh, blood, and 
excrement of cattle, contain it in smaller quantities. It 
enters also into the composition of the seeds of all varieties 
of grain, and is found in the ashes of plants, particularly 
the legumes and the cruciferse, to which last the turnip 
belongs. Phosphate of hme is found, moreover, in idl 
soils distinguished for fertility. As it exists in bones it is 
insoluble, except very slowly, in water, and that charged 
with carbonic acid ; but it is soluble in sulphuric acid. 
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New compounds are then formed ; the sulphuric acid 
combining with one portion of the Hme of the phosphate 
of lime, to form sulphate of lime, and the phosphoric acid, 
combining with a smaller portion of Hme than before, 
forms an acid and soluble superphosphate. The Duke of 
Richmond was the first to reduce Liebig's hints to prac^ 
tice, by supplying turnips with the soluble phosphate of 
lime, diluted with water* The success of the experiment 
led to the manufacture of superphosphate of hme from 
bones, dried by a mixture of charcoal, or some other dry- 
ing substance, so that it coidd be used as a drill manure. 
It was known to geologists and chemists, that most fossi- 
Uferous rocks contain phosphate of lime in smaU quan- 
tities, derived from the animal remains entombed in them. 
Professor Henslow pointed out the existence of phospho- 
ric nodules in considerable quantities in the beds of sand 
and gravel, called crag in Suffolk, easily accessible by the 
wasting of the chffs from the action of tiiie sea. Mr. Lawes 
appHed them to the manufecture of superphosphate of 
lime, as a drill manure, and patented the process. Mr. 
Payne, of Famham, and Professor Way, the chemist to the 
Eoyal Agricultural Society, drew the attention of formers 
to the beds of phosphate of lime in the greensand strata 
near Famham. The patent of Mr. Lawes, however, pre- 
vented till lately any general apphcation of them ; but 
that patent having been set aside by a recent decision of 
the Court of Exchequer, there can be no doubt that the 
search for fossil phosphates will be prosecuted with re« 
newed energy. The difficulty will be to find them con** 
oentrated in sufficient quantities, and sufficiently free from 
covering to be profitably worked. Apatite, or native 
phosphate of Hme, occurs in smaU quantities in mineral 
veins in granitic and slaty rocks in Cumberland, Cornwall, 
Finland, and Norway. The massive variety called phos- 
phorite forms beds in Bohemia and Estremadura. It is 
said also to occur in considerable quantities in some part 
of North America, If capable of being cheaply worked, 
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and well sitoated for trazuipori^ there can be no doubt thut 
it wHl become an artide of commerce a& profitable to the 
owners as beneficial to Britiah agriculture. 

The advantages which these manures have oonlbrred, 
within the last fewyeais, on our fumers, may be illustrated 
b7 a calculation reeentlj commnnicftted by an extenarre 
and excellent tenant-&mifir of ihe odd school, showing that 
if London manure (which, however, would cost at least Ss. 
per ton) were given him for nothing, delivered, on the 
banks of the Thames, to be carted about six miles to a 
somewhat hilly farm, it would be more expensive to him 
than the purchase and carriage of an equivalent quantity 
of guano, bones, or superphosphate of lime. 

As a poidant to the Agnoultural Produce of Britain, it 
may be not uninteresting to notice the quantities of simi- 
lar produce imported during the last two years from foreign 
oountrias, and from our colonial possessions, dividing 
ihesa into substances used as food, and imported fosr the 
benefit of consumers— substances imported as the raw 
material of manufa^ctures — ^and substances imported to 
assist British agriculture in the production of both. 

Imported for the denefit of Consumers. 

1849. 1850. 

Live stock, equal m),^^ 353^3^ ^^ 

meat to* • • • j ' 

Beef, fresh and corned , ,, 5,280 11,753 

Beef, salted ....,, 144,682 123,662 

Pork „ 348,274 211,247 

Bacoa. ...... 384,696 336,321 

Hams „ 11,751 16,262 

Total . . 1,287,811 1,119,074 



Butter 
Cheese 
Lard • 
Potatoes 

Eggs . 



1849, 1850. 

. Cwts. 279,465 320,560 

.. „ 390,962 341,583 

. „ 186,373 229,614 

. Tons 70,893 67,444 

Number 97,745,849 101,761,995 
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Wheat • 

Wheat-floiir 

Barley 

Oats • . 

Hye • - 

Peas • • 

Beans • 

Maize . • 

Buckwheat 

Bere . • . 

Oatmeal • 

Maize-meal 

Kye, barley^ bean^ 
pea, and buck- 
wheat meal 

Imjported as Eaw Material for Manufactures. 



i 



Qrs. 

f> 
if 
>i 

it 
Cwts. 

if 



1849. 
4,507,626 
1,124,718 
1,554,860 
1,368,673 
256,308 
285,487 
485,430 
2,849,570 
308 
1,749 
40,055 
102,181 



1850. 
3,778,435 
1,102,380 
1,042,801 
1,167,177 
94,073 
182,559 
449,493 
1,286,281 
296 
571 
5,839 
11,401 



t» 



26,356 



1,234 



1849. 

Flax Cwts. 1,806,673 

Hemp „ 1,061,893 

Tallow ' . . . . „ 1,465,629 
Hides, raw and dressed „ 694,813 

Sheep's wool 4 • . Lbs. 75,113,347 



1850. 

1,821,578 

1,048,635 

1,241,781 

608,672 

72,674,683 



Imported for the benefit cf British AgricuHwe, 



Bones • • • 
Guano* • 
Oil-seed cakes 

Cloyer-seed • 

Flax-seed • • 

Bape-seed. • 

Tares • • • 



Tons 



» 



» 



1849. 
29,424 
83,438 
.59,462 
130,254 
' 626,495 
29,840 
30,623 
Re-exported of the above, 

1849. 



Qrs, 



a 



tf 



Wheat & wheat-flour Qrs. 

Barley „ 

Oats „ 

Guano Tons 

Hides, raw&dressed Cwts. 



5,924 

65 

6,048 

16,203 

157,160 



Wool 



Lbs. 12,324,415 



1850. 
27,183 
116,926 
65,055 

94,040 
608,986 
107,029 

27,298 

1850. 

11,829 

13,260 

6,035 

22,575 

114,519 

14,054,815 
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There were not more than 10,702 quarters of wheat and 
3y003 cwts. of wheaten flour in bond on the 5th of January* 
1861. 

The guano, bones, and oilseed cakes, imported in ISSO9 
were sufficient to manure at least one million of acres, ex- 
clusive of the bones of the imported live stock, and of that 
portion of the flaxseed and rapeseed which was employed 
as manure. Much of the maize, oats, barley, beans, peas, 
&c.y having been used as cattle food, must be regarded as 
so much imported manure. 

Preserved Meats, &c. (Exhibitors 12, 14, 16, 20, 21, 23, 
24, 26).'^Meat and vegetables preserved in various ways 
so as to keep during long voyages are displayed in pro- 
fusion, though, from the nature of the substances, it is 
impossible to judge of their comparative qualities by the 
eye. M. Appert, of Paris, was the first person who dis- 
covered a plan by which meat, vegetables, fish, soups, &C., 
could be preserved for a long period, and a great many 
specimens were prepared by him in glass and earthenw««, 
but on a veiy limited scale. The invention was, in the 
year 1811, introduced into England, and a patent was 
granted in the year 1812 to Messrs. Donkin, Hall, and 
Gamble ; and, in consequence of their improvements, sub- 
stituting tin canisters for the very fragile vessels of glass 
and earthenware, they were enabled to preserve eflectually 
large portions of meat ai^d other articles of food, and to 
work the invention on a large scale. They were the 
original parties to bring this branch of industry under the 
notice of the British navy and the pubHc, and have on 
several occasions supplied various expeditions under the 
command of Captain Parry, Captain Ross, and others, with 
these provisions, which have given imiversal satisfaction. 
In the collection of Mr. Gamble there are some canisters 
of meat preserved so long ago as 1813, the first instances 
of this process being used in England. The meat is kept 
in cases which, after the air has been expelled, are her- 
metically sealed. Putrefaction is thus p^vented taking 
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place, and the substance kept for an indefinite length of 
time in a fresh and wholesome condition. 

Consolidated Food, (Exhibitors 16, 138, 139, 140.)— 
Under this head we may class the preserved or consoli- 
dated milk, prepared by evaporating the watery consti- 
tuents of that substance. It may thus be kept during 
long sea voyages. The combinations of wheat, gluten, 
and meal, are similarly useful concentrations of food. 
The most curious form of concentrated food in the Ex- 
hibition is a series of bonbons, and other preparations, 
from the blood of cattle. 

Honey. (Exhibitors 1, 2, 4, 6, 6.) — ^This article is shown 
in its finest and purest state, and on the north of Transept 
the bee may be seen at work. 

British Wines, (Exhibitors, 8, 10.) — ^Those who are curi- 
ous in British wines will be gratified by the contemplation 
of champagne, sparkling hock, Madeira^ and Constantia 
Frontignac, aU home-made, and the first especially no- 
ticeable, since it claims rhubarb stalks as its parent. 

Chicory, (144.) — Chicory, the root of the Cichorium in- 
tyhusy a plant of the lettuce tribe, is exhibited in all its 
stages^ fix>m the plant to the powder used for mixing with 
ground coffee. 

On the tables of division P. 19, are displayed various 
modifications of starch, gum, and gluten. English-made 
macaroni, and bread made froqi mixture of wheat, rice, 
and potatoes (151), may also be noticed. A curious sub- 
stance in the shape of nutritious flomr is shown (133), made 
from the root-stock of the great bulrush, Typha latifdia* 
The part employed appears to be the more cellular por- 
tion of the stem. This is placed in the immediate neigh- 
bourhood of the samples of hops and linseed, and alongside 
of a fine display of vegetables preserved in vinegar. 

Biscuits, (64). — Biscuits made of the sawdust of pine 
wood, mingled with gluten of meat in the proportions of 
two-thirds sawdust, one-third wheat flour, and one twen- 
tieth animal matter, are exhibited, as showing the possibi 
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lity of making any r^etabk stibiitaaoe» suoh as yroodj fibre, 
nutritious by preparations with aodmal matter. 

. Coffee^ Tea, aiMi Sy^tarieea oimkUnmg Theme, (Exhibitors 
29, dO, 31, 32, 33^ U, 36, 37, 38, 28, 36, 143).— Chemists hare 
discovered that the peculiar properties of tea and similar 
bevM^es depend upon the presence of a nitrogenous alka- 
loid, cfiJled Theine, because first discovered in the tea-plant. 
Cofiee, cacao, and the mat^ or Paraguay tea, bdong to the 

ame category. These vegetables arey however, members of 
very different tribes, for the tea-plant is dosdy allied to the 
CameUia, the coffee belongs to the nfiadder tiibe^ the mate is 
produced from a species of holly, and the cacao is the seed 
of the Theobroma, an American tree, of the exotic ordec Butt- 
neriacece. The name, chocolate, applied to the preparation 
from the seeds, is a Mexican c^ppellation ^ chooolatr*. The 
ancient Mexicans knew the vakte of this plant well, and 
from them its use was imparted to the Spaniards. Y arious 
forms of cacao and chocolate are exhibited, and iasiructive 
series of illustrations showing the plant and all the sti^s 
of preparation of its fruit and seeds. There are also illustra- 
tions of the preparation of coffee ; and the Assam Com- 
pany displays satis&ctory evidences of their success in the 
cultivation and preparation of tea. 

Preserved Fruits, <Jhc, (Exhibitors 54, 56, 66.) — ^Various 
methods of preserving fruits and edible seeds are ex*' 
habited in glass cases and jars. Some are British, but the 
greater number of foreign origin. Those in the collection 
of Messrs. Payne and Son are mostly Indian. Among them 
may be noticed the pietachia-nut and the soy-bean {Soya 
hispida), from which the sauce, soy, is derived. Among 
the exotic fruits in the collection of Messrs. Fortnum and 
Mason may be noted the nuts of the hickory ; the acuaria 
nuts of South America, which are the &uit of the (kiry^ 
ocar, a large tree. The sapucaya nuts, which are the seeds 
(iiot fruits) of the Lect^his oUiaria or monkey-pot tree, ex- 
tracted from great heavy fruits with lids, and very similar 
in nature to the common Brazil nuts ; also seeds, the con^ 
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tents of the ponderous fruit of the BerthoUetia excelsa, both 
large South American trees belonging to the same natural 
order. 

Ibices, (53.) — A glance at the collection of spices will 
serve to show, that they are essentially tropicsd produc- 
tions, and almost all derived from the East and West 
Indies. Carraway and coriander seeds are British excep- 
tions. The nutmeg and the maoe are separate parts of 
the seed of the Indian MyrUtica moschata, the representa- 
tive of a tribe of tropioal tx^ea nosrlj allied to the Ip^urels. 
In the k«tH«aned femily se^inl important Bpices ai« de- 
rived, STich as cinnamon and cassia. Cloves are the ^wer- 
buds of the Oaryophi/Um aromatictis, a plant of the myrtle 
tribe, and allspice or pimento is the dried fruit of other 
species of the same family. The buds of the common myr- 
tle have been used as spices. Ginger is the rootstoek of 
the Zinziher officinale, a plant belonging to a tribe of aro- 
matic herbs, natives of the tropics. Black and white pep- 
per are various states of the berry of Piper nigrum^ a tropical 
shrub. The former is the frait with its fleshy coat 
remaining, from the latter it has been removed. 



[ 160 ] 



Class IV.— Vegbteable and Animal Substancto 

USED IN MaNUFACTUBES. 
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Situation or Class 4. — In the South Gallery immediately 
to the west of Class 3; bettoeen the Pillars O. P. 4 and 16. 

Position of Groups (Knmben refening to PiUazs). — 

Flowen, MosseB, Plants, Woods, 4 to 5.— Kaigaiio Add, 

Cork, Bariu, 5 to G.^^audles, SpermAceti, Wax, Qela- 

tine, 6 to 8. — Mother-of-pearl, Palm-oil, 8 to 9. — ^Raw 

_^ Silk, 9.— Flax 9 to 11.— Wax Candles, Sealing-wax, 11.— 

I Cotton, Hemp, Cordage, 11 to 12.— Wools, Hair, Thread, 

"5* 12 to 13.— Quills, Feathers, 14 to 15.— Woods, Colouring 

Matter, Carmine, 16. 

The principal products of British agriculture ex* 
hibited in this class are wool and flax. 

WooL (Exhibitors 78, 80, 81, 84, 85, 86, 88, 91,94.) 
— Of wool we have: — ^The skin of a pure South- 
down ewe, stuffed, which lived to the age of seven 
years, without being shorn. Length of wool, 25 
inches, weighty 36 lbs. Fleeces of Cheviot wool, 
grown in Northumberland, at an elevation of 2,600 
feet above the sea. Long-combing Merino wool, of English 
growth, from near Chichester — the last remnants, pro- 
bably, of those Merino flocks which it was attempted, 
in vain, to naturalise in England, and which appear better 
suited to the climate, of our Australian colonies. South- 
down wool, which is generally of a fine character, and 
fitted for the more delicate kinds of woollen manufsK^ture. 
Associated with this is also Diamond teg, matching wool 
from Southdown fleeces, grown in Wiltshire, showing the 
peculiarities of the different breeds. Fleeces of Lish 
long wool, grown in the counties of Meath and Ghdway ; 
long wool and short mountain wool from the county of 
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"Wicklow ; and fleece of Leicester wool, county of Kil- 
kenny. Various kinds of wool exhibited by the Sectional 
Committee of the Animal Kingdom. Specimens of 
" burry " wool, in the original state, and cleaned by 
machinery. EngKsh, mohair, and Australian wool, with 
samples combed without oil, and the fleece of an aged 
ewe, Highland breed, unlaid. 

Max (Linum tisitatissimum), (Exhibitors 40, 43, 45, 46, 
47, 49, 54, 105, 106.)— Referring back to the Lawson Col- 
lection, in Class III., we find specimens of flax grown in 
Britain from British, Dutch, and Biga seed. The English 
is considered to produce the best fibre, and the foreign 
the best linseed. The Sectional Committee of the Vege- 
table Kingdom supplies sainples of the ordinary flax 
and hemp of commerce : French, Flemish, Dutch, Fries- 
land, Archangel, Big% English, Egyptian, and New Zealand 
flax, Petersburgh, Biga, American, Egyptian, Indian, Ma- 
nilla, hemp and jute. The seeds of flax and hemp, che- 
mically prepared, are exhibited with samples of flax straw, 
and of the flax in different stages of preparation. Specimens 
of the fibre of Belgian flax, and of yellow flax fi-om Trim- 
ingham, Norfolk, and blue flax from Yorkshire, together 
with flax grown in Yorkshire, raw and manufactured, pre- 
pared flax and flax-seed, grown near Crewkeme, and flax 
grown, steeped, and scutched, at Yately, North Hants, 
in South Hants, and at Cobham, Surrey ; flax'grown and 
scutched at Famborough workhouse ; flax scutched by 
the prisoners in the county gaol, Winchester ; refuse 
tow, manufactured at Yately ; coarse tow ; and models 
of tools made and used at Yately. Specimens of flax 
exhibited by the Boyal Bel&ust Flax Improvement So- 
ciety, grown in different parts of Ireland, showing the 
heckled flax of various degrees of finenesa The dependence 
of the profit of flax cultivation on the degree of care and 
skill bestowed in ^handling" the flax, or preparing the 
fibre for market, is illustrated by specimens of flax from 
Jtfonaghan, value 38Z. to 452. per ton ; Tyrone, 422. ; Down, 
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482. to 521. ; Armagh, 472. to d42. ; Antrim, 682. to 1002. 
Handi^pun thread, and thread spmi from flax prepared by 
Schenk's patent proceea of steepmg it green in hot water, 
are interesting examples. (106.) Samples of flax in every 
stage of manufacture from the straw to cloth, prepared by 
dauss^i's patent process for spinning on cotton, wool, and 
silk machinery, as a substitute for, or auxiliary toy those 
substances — twist and yam, dyed and imdyed, produced 
from flax — ^flax cotton — ^fiax wool — ^flax silk — and woven 
into cloth aad various other articles. Also hemp and 
other flbrous plants^ prepared either wholly, or in part, by 
the above process. 

To explain the nature of the process, it is necessary 
first to explain the structure of the flax-plant. Its 
stem consists of — 1st, the shove, or wood; 2nd, the 
pure flbre ; and 3rd, the gum, resin, or glutinous matter 
which causes the fibres to adhere together. In preparing 
the plant for any purposes of fine manufacture, it is 
necessary to s^arate the pure fil»*e from the woody pari 
a.nd the glutinous substanoa In the ordinary processi 
this is done by means of the fermentation produced in 
the tedious and noxious operation of steepii:^ in stagnant 
pools and retting, by which putrid products and noxiooa 
exhalations are diffused over the neighbourhood, and by 
which a loss is incurred of those parts of the plant which, 
if returned to the soil, would cause it to be anything but 
aa exhausting crop. Schenck's patent process accelerates 
the operation, and removes some of the objections to 
steeping, by using hot instead of cold water. Claussen's 
process consists of three stages. In the first the straw is 
passed through the rollers of a hand-machine, costing 10^ 
by which the greater portion of the woody fibre is removed. 
The flax, so prepared, is reported by the Koyal Flax Society 
to be well adapted for the manufacture of saLL-cloth, 
canvas, nets, bags, and other coarse articles. « The flax, 
thus reduced in bulk to one-fourth, may be prepared for 
spinning, in the ordinary way, into finer fabrics, by the 
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steeping process^ either in Itot or eold water ; and the 
fanner, having thua brought his crop into a marketable 
state, may dispose of it to estabhshments where steeping 
is carried on, for the parpoees of those manafactores for 
'which that process is still deemed an essential preparation. 
He will have retained, moreover, to be returned to the 
soil, the woody matter, the seeds, and the husks of the 
caipsules, which, by the ordinary steeping process^ are lost, 
These are the ezhaueting portions of the crop, which, with 
the glutinous matter, contain the substances derived from 
the soil, the fibre being composed almost exclusively of 
materials derived froaoa. the atmoi^ere, carbon, oxygen, 
and hydrogen, with about two per cent of mineral sub- 
stances. 

The next stage of the Okussen jMrocess is directed to 
the effectual removal of the Mutinous matter. The wood 
may be removed by mechanical means ; but the glutinous 
portion wiU only yield to chemical processes. The fer^ 
m^Eitation induced in steeping is a chemical process ; but it 
only partially removes the gum or resin, a large per centage 
of which is insoluble in water. M. Claussen, therefore, has 
recourse to boiling for about three hours, either in the 
state in which it comes from the field, or in a partially 
cleaned condition, in water containing about one-half per 
cent, of caustic soda. After imdergoing this process, the 
flax is placed in water, slightly acidulated with sulphuric 
acid — 1 of acid to 600 of water. A complete separation of 
the fibres is thus effected. They may then be used, either 
for spinning, as long fibre, into linen, or may be submitted 
to the third stage of the Claussen prooess, by which they 
are converted into short fibre, or. flax cotton. In the 
former case, the flax only requires to be dried and scutched 
in the ordinwy way. 

The principle of the process for the production of short, 
or cotton fibre, consists in the destruction of the cylindri- 
cal or tubular structure of the fibre, by means of carbonic 
or other acid, the action of which spli1» it up into a num-* 
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ber of filaments, the upper and under 8ur&ces of which are 
segments of circles, and the sides of which are ragged and 
serrated like the fibres of cotton. 

To effect this object, the flax, either before or after the 
process of boiling for the severance of the fibres, is cut 
into short lengths by a machine, and saturated in a solu* 
tion of sesquicarbonate of soda (common soda) a suffi- 
cient time to allow of the liquid entering completely every 
part of the small fibres. It is then immersed in a solution 
of dilute sulphuric acid — 1 of acid to 200 of water. By the 
action of the acid on the carbonate of soda, carbonic acid 
is liberated, the expansive powers of which split the tubes 
into thin filaments. *^ Means shown in their result to be 
so powerful, and in their operation so gentle, yet decisive, 
gave to the simple experiment made in the presence of the 
Council by Professor Way, more the air of a new instance 
of natural magic than the sober reality of an ordinary ope- 
ration of natural laws, of which the application only was 
novel ; and its effects on the meeting, accordingly, were 
both singular and striking ; occasioning evident marks of 
their agreeable surprise and admiration of the result ob-i 
tained. The flax fibre, soaked in the solution of subcar- 
bonate of soda, was no sooner immersed in the vessel con* 
taining acidulated water, than its character became at 
once changed from that of a damp rigid aggregation of flax 
to a light, expansive mass -of cottony texture, increasing in 
size like leavening dough, or an expanding sponge. The 
change was no less striking when this converted mass, in 
its turn, was placed in the next vessel, which contained 
hychloride of magnesia, and became at once bleached, at- 
taining then the colour as it had just before received the 
texture of cotton."* 

Assuming the success of the Claussen process in its dif- 
ferent stages, the following may be recapitulated as its re- 

• From Mr. Hudson's Report of some Experiments performed by Professor 
Way before the Royal Agricultural Society, illustrative of Chevalier Claussen's 
process. 
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suits. In the first stage it will enable the fiurmer, by ma< 
chanical means, and with little trouble and expense, to 
reduce the bulk of his flax crop, so as to give him access 
to markets and render it marketable. It wiU enable him 
at the same time to preserve, to be returned to the land, 
those portions of the crop which tend to exhaust the soil ; 
the produce being a description of fibre adapted to the 
coarser kinds of the flax manufieicture. By the second, or 
boiling operation, the long, troublesome, and noxious pro* 
cess of steeping may be dispensed with, in the preparation 
of flax for the finer purposes, for which long fibre is spun 
in the ordinary way. Lastly, by reducing the flax to short 
fibre, and by spHtting it up by means of the chemical pro- 
cess above described, a great extension of the demand for 
flax may be expected, to be spun on cotton, woo], and silk 
machinery alone, or in combination with any of those 
substances. All these results will have been obtained 
through microscopic researches into the structure of the 
flax plant, and the application of chemical knowledge to 
the improvement of old processes for preparing it fbr 
use.* 

. V Miscellaneous. (Exhibitors 21, 32, 42, 57, 58, 59, 60, 76, 
121.)-— Among the miscellaneous specimens of British 
Agricultural Produce, the following require notice : — 
42. WhecUen straw paper; 32. 8%Uc produced by the silk- 
worm, fed on the leaves of the white midberry, in Surrey 
—one of those attempts which have been made from time 
to time, to naturalize in this country, this, and other pro- 
ducts of more genial climates ; 76. Wood: this plant and 
madder were once extensively cultivated as dye-plants, 
but have been superseded by the superior and cheaper 
colours obtained firom indigo, logwood, cochineal, and other 
exotic products. Woad still enjoys the traditional repu- 
tation of being the dye with which the ancient Britons 
painted their bodies, and figures in the clauses, which are 

* For further details consult Chevalier Claussen'i pamphlet, *<The Flax 
Movement." Effingham Wilson, Royal Exchange. 
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copied mechanfflrily from lease to lease, prohibiting tiie 
cultivation of flax^ hemp, and woad. Of madder, we have 
now scarcely a trace, except in ik» name of ** Maddwr 
Market^" bcnne by one of the streets of Norwidi. At ISl 
is seen crown glue, made from Hke horns and hoofe and feet 
of cattle; there is also the Parchment and Glue of Irish 
manufacture^ i^ti& prepared for manxire by creosote oS, 
and QmSi, FeaiherSy and Sone-^air, raw and xramahio- 
tnxed. 

CcOectwni <f Woods. (EzhiMtors 6, 8, 9, 14 in Somih 
Gallefy ; and Exhibitors 134, 136, 136 Ground Floor.)-*In 
many parts of the ExhilHtion there are Tsry beaatifoi 
and extensive coUectiens of specimens of woods, as well as 
single examples. In the South Gallery the most remarka- 
ble sets of specimens of any considemble extent are those 
of the Scottish woods in the Collection of Yeg^vifafe 
Productions of Scotland ; the large and very intereetmg 
geographically-arranged series of 700 and more speetmeos 
exhibited by Mr. Wilson Sandazti (9), and tibe English and 
foreign woods (6) of Messrs. Haarison, of Hull. Thezs is 
also a very complete set of woods used in turning ftem 
HoHsapiel and Co. On.thBGfxnmdFloor^SouthWaUyiBA 
fine series of foreign hardwoods used for cabinet work, 
turnery, dyeing, and machinery, exhibited by Messn. 
Fauntleroy and Sons, and that of English-grown woods 
exhibited by Mr. Cros& 

Vegeiahle Dffe^ (Exhibitors 68, 70, "1% 75, 76, 77.>->Iii 
several of these collections dried specimens of the planAs 
&om which the dye-stuff has been dmved are pjaocd 
alongside of their products. 

Among those which furnish red dyes, the orchil and 
codbear-produoing lich^os, occupy considerable space, 
and 9X& very folly illustrated. These plants aro of very 
low organiiiation : in their anaiomical structure th^ 
aare entirely cellular, and they belong to the flowerle» 
division of the vegetable kingdom. They are found in all 
parts of the world, growing in the most barren situations, 
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forming crusts and leathery ramified expansions on the 
bare rock, or coating the trunks of aged trees. Their 
commercial value varies, however, considerably in ex- 
amples from different localities ; and the same species 
collected in different places may furnish greater or less 
quantity of colouring matter. A seaside situation and 
climate would seem to be especially favourable, since we 
find that the Atlantic islands, and the coasts of Africa and 
Peru, furnish the lichens most valued in commerce. The 
Canary and Cape de Yerd Islands are especially Canons 
for these plants. The most valuable is that from Angola. 
Their properties were known to the ancients, and they 
were gathered for dyeing in the islands of the Grecian 
Archipelago. The art was lost, but revived in the early 
part of the 14th century, when a Florentine merchant 
rediscovered it in the Levant, and turned it to effectual 
account in the making of his fortune. The orchilla weed 
is of a whitish or greyish colour, and leathery texture. 
The dyes procured from it are mostly shades of red and 
violet, also blue. It is imported in its natural condition. 
The colouring matter is extracted by means of ammoniacal 
solutions. Orchil liquor is the result. Litmus, or turn- 
sole, is procured from the RoceUa tinctoria, and other orchil 
fichens, by maceration in urine, lime, and potash. Cud- 
bear — a term curiously enough derived from Cuthbert, 
the Christian name of Dr. Gordon, who was manager of 
the first manufactory of it, at Leith, during the latter part 
of the last century — ^is a powder of a purpKsh-red colour, 
procured from lichens in the manner of orchil. 

Orchilla weed is imported m considerable quantities, 
and from many countries. As much as 4,175 cwts. of it 
paid duty in Ikigland in 1840. Many of our native lichens 
are capable of being used for dyes. Dr. Stenhcuse, who 
has investigated the colorific principles of the orchil 
lichens, finds that in JRoeeBa ttnctoria, the Lima weed, it 
depends on alpha-orsellic acid ; in ItoceHa hypomeeha, the 
Cape of Good Hope weed, on beta-ors^c acid ; and in 
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BoceUa fuci/ormis, that of Angola and Madagascar, on 
erythric acid. 

A very beautiful pink or carmine dye, the jponceau of 
dyers, is procured from the safflower, bastard saffron, or 
Carihamus tinctorim (75), an Indian plant of the thistle 
tribe. The colouring matter is obtained from the flowers, 
which are of a deep-red colour. The flowerets of the 
head of flowers are gathered as rapidly as they open, and 
dried carefully in the shade. They are purified by mace- 
ration in water from a yellowish matter that injures their 
brilliancy, and the residue is made into the cakes used in 
commerce. These yield their colouring matter by chemical 
treatment^ it being first extracted by means of a weak 
alkaUne solution, and then precipitated by an acid, usually 
the citric acid. Vegetable rouge is this substance mixed 
with finely-powdered French chalk or talc. 

Of other vegetable dyes exhibited in these collections 
we find indigo itself, which will be more fully noticed when 
the Indian collection is described ; it is the product of 
certain Indian plants of the pea tribe, various species of 
Indigofera, especially J. tinctorial and others that are na- 
tives of America, and is procured from all parts of the 
plant. Madder is derived from an European plant, the 
Hubia tinctoria, one of the family Buhiacece, and is ex- 
tracted from the roots. Some other rubiaceous plants, 
natives of the East, furnish similar dyes. Weld is a yellow 
dye, furnished by a plant indigenous to the British Islands, 
the Beseda luteola a species of the same genus with the 
mignionette, but much of it that is used in conunerce is 
imported from abroad. The whole plant is gathered after 
the seeds have commenced to form. The colour extracted 
from them is fixed by a mordant. Quercitron, another 
yellow dye, is derived from the bark of the Quercus tinC" 
toria, a kind of oak, native in North America. Fustic, also 
a yellow dye, is the colouring matter of the wood of an 
Ajnerican tree of the mulberry tribe, the Madura tinc^ 
toria» Sumach, sometimes also called fustic, and indeed 
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the original holder of the name, is a yellow dye-wood, the 
produce of the shrub so called, the Rhus cotirius, a native 
of the countries around the Mediterranean. Amatto is an 
orange dye (used also as a colouring matter for cheese), 
derived from the seeds of the Bixa orellana, a South 
American tree. Turmeric is procured from the roots of 
the Curcuma longa. 

Wood (76) is the blue dye with which the ancient 
Britons stained their bodies. It is the- produce of the 
Imtis tinctoria, a plant of the kale tribe, native in a great 
part of continental Europe and in the southern counties 
of Great Britain. It grows to a height of three or four 
feet, and bears small yellow flowers that produce rather 
large and peculiar pods. It is cultivated for its dye. The 
phmts, when on the eve of flowering, are mowed with a 
scythe, washed in water, and sun-dried ; they are then 
ground into a paste, which, after being kept in carefully- 
protected heaps for about a fortnight, are then formed and 
pressed into soHd balls. These are powdered with mallets ; 
the powdered mass is moistened with water, and permitted 
to ferment — a treatment that goes on for about twelve 
days. To the powder now prepared, boihng water is added, 
and after standing in a close vessel for some hours, it is 
submitted to a fresh fermentation after the addition of a 
regulated quantity of newly-slacked ]pie, and being fre- 
quently stirred whilst under the influence of a gentle heat. 
The Uquor, so concocted, dyes of a greenish colour, which, 
on exposure to light, changes to blue. This colour is of 
the same nature with indigo. 

GelatiTie, lainglaaSf &c. (Exhibitors 117, 118, 119, 120, 
121, 122, 123, 125, 125a, 131.>~Ge]atme is an animal sub- 
stance, obtained by boiling chiefly from skins, cartilage, 
and membrane, but also from bones and flesh. It is 
* scarcely acted upon by cold water, but is soluble 
in boiling water. Isinglass is one of the purest forms 
of it, and is procured from the air-bladders of diffeiv 
ent species of sturgeon. Other parts of this flsh are 
I. I 
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ftlso used to make isinglass; and ibe swimming folad* 
ders of cods and other fishes furnish an inferior sort. It 
is much used both as a valuable article of food and for 
the dressing of silk mannfaotures. The Caspian Sea fur- 
nishes a considerable amount of isinglass, that great inland 
sea being a fovouiite resort of sturgeons. Glue is dried 
gelatine made from parings of hides, refuse of leather, 
refiise of tanneries, old gloves, parchment — animal skins, in 
fact, in any form. Considerable skill is required for its 
manufacture, so that the qualities of glue vary much, and 
its cohesive properties are very different in different 
specimens. 

Oeooa-nut Fibre. (56a.)— -This material is derived from 
the husk of the cocoa-nut, and forms an essential part of 
the fruit, analogous to the fleshy portion of the fruit of the 
peach. It has long been used in the £ast for making cord- 
age, and experience has shown that its qualities are highly 
to be esteemed. It is called ** coir." Its use was disco- 
vered by the feathered creation before found out by man, 
since severgj exotic birds that construct pendulous nests 
employ the cocoa-nut fibre for this purpose. The nut 
when intended to be ccmverted into coir is cut before it is 
quite ripe. According to Mr. Marshall, a man can clear 
1,000 nuts from their husks in one day, by forcing them 
upon the point of a spike of iron or wood fixed in the 
groimd. After being soaked in water for several months, 
and being well beaten with a piece of heavy wood whilst 
placed on a stone, the fibrous portion of the husks is se- 
parated and cleaned by the hand. The fibres are then 
twisted into yam. Tiubj possess great elasticity and 
strength. 

T€ib(si/Geo and Us Fr&paTatims, (Exhibitors 39, 40, 41, 42, 
43^ 44, 45, 46, 47, 48, 49, <60, ^2.)— The display of cigars, 
mmffs, and other modifications of the tobacco leaf, must ' 
be highly satis&ictory to aU epicures in smoking imd snuff- 
ing, since judges are agreed that finer specimens of these 
iBUPticles of luxury have never been produced. The tobacco 
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plant, Nicotiana tabactan^ is an herb belonging to the same 
natural order with the potato and night-shade. It is a 
native of America, and was introduced from the new world 
into Europe. Its properties were well known to the 
Indians^ who surprised Columbus and his companions by 
their cigar-smoking. In less than a hundred years after, 
the habit of smoking tobacco became general in Europe, 
and has now grown almost into a necessity, in spite of the 
fiercest opposition. There is reason to beheve that the 
Asiatics had obtained the plant and smoked its leaf long 
before the Europeans. The southern states of North 
America are now the greatest cultivators of this herb, 
^me botanists con^der the various kinds of smoking to- 
baccoas being derived from different species, restricting the 
Nicotiana tabacum to the Virginian. The large-leaved Oro- 
noko is their Nicotiana latissima, of the leaves of which the 
large Havannahs are said to be made ; the Turkish and La- 
takia are from Nicotiaiia rusticay the variety commonly culti- 
vated on the Mediterranean region ; the Shiraz, or Persian, 
i» from N Fersica ; the small Havannahs, or Queens, are 
derived from the Nicotiana repanda, grown in Cuba. Com- 
mercially, tobaccos are distinguished into the immanu- 
factured, or leaf, and the manufactured, the latter including 
1st, those for chewing and smoking, divided into cut, which 
consists of moistened and compressed masses of the leaves 
chopped up ; »pun, rciU, or twist ; and cigms and cheroots^ 
the former American, the latter Asiatic in origin, though, 
as may be seen in the collections exhibited, very excellent 
specimens of both are made in England. The specific 
character of a oigar as distinguished from a cheroot is the 
twist at its ends, whereas the latter has truncated extre- 
mities. 2nd. Those for snuffs, divided into dry snuffs, 
«uch as Scotch, Welsh, Irish, Spanish, and rappee, which 
are snuffs prepared by grinding down tobacco when moist. 
The peculiar qualities of tobaoco chiefly depend on an 
lUkaloid called nicotina. 

l2 
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Desiccated Woods. (Exhibitors 20, 12, &c.)— The length 
• of time required for the seasoning of timber is often so 
great as to be a source of considerable inconvenience. In 
the natural course of drying, three or four years are often 
necessary before the wood is in such a condition as to be 
properly fit for use. Many attempts have consequently 
been made to attain the end desired more rapidly through 
artificial means. The specimens of patent desiccated 
woods prepared by Mr. C. H. Newton are examples. They 
include various portions of English and foreign woods, 
prepared on one side and rough on the other, the pre- 
paration having been effected in a few weeks. " The pro- 
cess consists in heated currents of air being constantly 
forced into a large chamber, into which the wood has been 
carefully packed on its edge, with space between every 
plank to admit of the heated air passing on all sides. 
Ventilators are provided at the top of the chamber, so 
that the currents of air having performed their duty, 
and become charged with a certain amount of moisture, 
are allowed to escape, their place being suppHed with 
fresh rarified air." Wood so seasoned is said to be im- 
proved in quality. The great organ built by Willis, and 
placed in the Exhibition, was made from wood cut from 
wet logs, and seasoned in six weeks by this process. 
Polished specimens of several woods not often employed 
' for ornamental work, but capable of being thus seasoned 
' and of being so used, are also displayed. 

Various appUcations of the bog-wood of Ireland to 
ornamental purposes are here displayed, such as what- 
nots, card-racks, and inkstands, made of Irish bog-oak and 
bog-yew. The wood foimd in the bogs of Ireland in a 
sub-fossil state is often of beautiful colour and compact 
texture, so as to be excellently adapted for carving. The 
oak so found is black ; the yew of a sober quaker-brown 
hue. Jewellery, cabinets, and furniture, carved out of 
Irish bog-wood, are displayed in other parts of the Exhi- 
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bition in the North Transept Gallery and in the Fine Art 
Court. 

Along with these bog-woods is a section taken from a 
remarkable mulberry tree, 400 years old, that grew at 
Trinity College, Dublin, and was blown down during the 
last great stonn. 

A series of illustrations of the bog-timber of Ireland is 
ranged against the wall (12). 

Preparation of Plants, (Exhibitors 2, 3, 4, 5.) — Several 
very beautiful groups of anatomised leaves, flowers, and 
finiits, display the minute ramifications and elegant ar- 
rangements of the fibrous and vascular framework of 
plants. The skeletons of the organs of monocolytedonous 
plants, such as grasses, lilies, and pahns, are very differ- 
ently disposed from those of dicotyledons, as oaks, cross- 
worts, and geraniums. The cellular tissue of the organs 
is removed from the ftbr<.vasoukr portions by macer^ 
tion. Among the specimens exhibited are several that 
show how the calyx and corolla of the flower, and the 
framework of fruits, are made out of distinct leaves, 
arranged in whorls, and organically united together. 

An ingenious attempt has been made (3) to preserve 
flowers in their natural shape, so as to display their several 
parts without the compression incidental to herbariimi 
specimens. 

Of a very different order are the mock flowers (4), cut 
out of turnips, &c., for the purpose of garnishing meat. 
Considerable ingenuity and taste are shown in the pro- 
ducts of this peculiar occupation. 

Membrane. — Goldbeater's skin (Exhibitors 107, 108). 
This curious substance is displayed in aU its stages of 
preparation, and combined with gold as an ornamental 
fabric of much beauty. The " skin" is a fine layer of 
prepared membrane separated from the outer sur&ce of 
the intestine of the ox. The body is given to it by moist- 
ening with an infusion of aromatic spices. The value of 
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the substance, notwithstanding the commonness of its 
origin, may be imderstood, when we recollect that each 
of the little bundles shown is the produce of no fewer 
than 100 oxen. A goldbeater's mouM of France or Bel» 
gium contains 1,200 leaves, and the product of 7fiO oxen 
is required to make it. The English and American gold^ 
beater's mould contains 850 leaves, ajid is the product of 
500 oxen. 

China Grass. (ExhibitOTS 42, 45, 55.)— The beautiful 
fibrous substance, called China grass, is of comparatively 
I'ecent introduction into this country. It is the fibre of a 
species of nettle, the Urtica, or Boehmeria nivea, a native of 
several countries in the east of Asi% and especially of 
China, wh^ice it is imported. It is exhibited in all its. 
stages, and converted into thread-yam and textile fabrics^ 
pure and mixed with other fibres, or with wool. 

Veneers, (19.) — Some beautiful veneers of walnut and 
rose-wood are suspended again&t the wall. By means of 
veneering, which is the sawing, either by hand or mar 
chinery, of thin leaves of wood, and then gluing them down 
on boards of other woods of less value, comparatively 
small portions of the rarest and most beautifiil kinds of 
ornamental woods may be made to cover a large surface. 

FeatJters (Exhibitors 57, 69, 60) are shown, according 
to their various uses, along with hair for stuffing beds^ 
&c., and also as quills and pens. They form a very 
considerable article of commerce. The yellow tint of many 
quills is given either by weak muriatic acid, or by steep* 
ing them in a decoction of turmeric. The ^e outer 
feathers of a goose's wing make the best quills for pens. 

WhoUehime. (Exhibitors 103^ 104.) — An interesting 
series of specimens, illustrative of the whalebone manu* 
foctures, are exhibited by Westall and Co. The "fins" of 
whalebone contained in this case are triangular plates of 
this substance with fringed margins that hang vertically 
from the upper jaw of whales of the Balctma group. 
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I^ese plates, are arranged ia longitudinal series, and 
their bristly margins serve as filterers to arrest tbe 
course of small jelly i^shes and. floating moUusks ; these 
little creatures, are the chief food of the whalebone-whalesb 
They are very numerous^ and the middle ones are lai^est^ 
AH whales are not provided with them, and in the Finner, 
or hump*backed, whales, the plates are very much smaller 
than in the Bight whales. The jObnest pieces of whaleboue 
shown are from the great Greenland whale, Boloena m^i- 
ceiu&. Others are exhibited, the product of nearly aUied 
species ; and also some &om the Firmer, or Balosmptera 
hk&ps^ an animal so rapid in its motions that it is exr 
tremely difficult to capture. Some curious and elegant 
applications of whalebone manufactures are placed along 
with ih&niy such as an elegant boimet made of the shreds 
of whalebone, rosettes and other* ornaments for hoisei^ 
baskets and reticules, &c. 

Freserved Timber, (Exhibitors 7, 21.) — ^The preparatioii 
ol timber, so as to prevent or arrest its decay, and to 
enable it to resist the attacks of animals and vegetables 
that destroy its substance, has been att^npted by various 
inventors, and several patents have been taken out for 
various methods of effecting this desirable object. On the 
waU are suspended a number of specimens (21) illustrative 
of this subject, in connection with the patent of Mr. 
Bethell, who saturates timber with the oil of tar, and terms 
the process '' creosoting." Examples of creosoted sleepers, 
that have been in use for several years on hues of railway, 
and creosoted piles that have remained in the sea unim- 
paired for four years in Lowestoft harbour, are shown. 
Alongside of them are placed portions of unprepared wood 
perforated by marine animals. One of these is bored by 
long and capacious tubes, the work of the teredo, or ship- 
worm, a curious vermiform shell-fish, very destructive to 
the timber of vessels and the piles of harbours. Another 
is riddled as effectively, but more minutely,, by the Lim- 
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tM>»*ta terebrans, a very small crustacean animal, equally 
destructive with the shipworm. 

Another mode of preparing timber, with the like object, 
is that invented by Sir William Burnett, and termed "Bup- 
nettizing." The substance forced into the pores of the 
timber in this method is a solution of chloride of zinc (7). 
It is applied abo to the preservation of canvas, cotton and 
woollen cloths, and hides. On the South Wall on the 
ground-floor will be seen some other specimens, in which 
the pores of the timber have been filled in with oxides 
of iron, which is stated to give high durabiUty to the 
wood, and fit it for many purposes to which it could not 
be otherwise apphed. 

Spermaceti (Exhibitors 4, 24, 25, 29) is an oily substance 
contained in the cellular cavities of the upper port of the 
cumbrous head and snout of the sperm whale. This 
matter, when first extracted, is enclosed in hair-bi^s, 
pressed, melted, and boiled in a weak solution of potash 
and alcohol. It is then cast in moulds, and is turned out 
in a crystalline condition. The whale which furnishes it^ 
and of whose lower jaw, with its characteristic ivory teethj 
a fine specimen is placed in the Nave, leaning against the 
pQe of Canadian timber, is very different from the Green- 
land or whalebone whale. Besides spermaceti it yields 
sperm oil ; both substances are exhibited, with the manu- 
£Bk;tur6 of the former into candles, and alongside of them 
are specimens of wax applied to the same purpose. 

Animal and Vegetable Oils. (Exhibitors 23-26, 27, 28, 
30.) — In this department are also various oils, some de- 
rived from the animal, some from the vegetable kingdom. 
Among the latter are various forms of vegetable tallow, 
a substance furnished by several plants of very different 
families, and palm-oil, the product of the £lais Guineemia, 

Haw Silk, (Exhibitors 34, 35, 36, 32.)— In the case of 
raw silk exhibited by Messrs. Durant & Co. there is a fine 
display of the various kinds that find their way into the 
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British market. Case No. 32 is very interesting, on fl;ocount 
of its contents being of British origin. Here we have raw 
silk spun in this country, and woven into hose. No. 36 
exhibits the raw silk in connexion with the various dyes 
with which it is coloured. 

The Bomhyx mori, or silkworm moth, is an insect origi- 
nally derived from China. The silkworm is its caterpillar, 
and the silk is the cocoon spun by it for a protecting case 
during its chrysalis stage. The Chinese appear to have 
turned the labours of the insect to account at a very early 
period, and exported silk in the time of Aristotle. The 
experiment of breeding silkworms for their produce was 
commenced in England under the auspices of James I, 
when great numbers of mulberry trees were planted to 
provide the insects with food. China, India, Persia, and 
Italy have supphed most of the specimens of raw silk 
exhibited in these cases. 

FitcJier FlarUs. (2 a.)— A case of dried pitchers, from 
various kinds of pitcher-plant (Nepenthes, Dischidivm, Saror 
cenicby &c.), illustrates a very curious natural transformation 
of leaves, so as to convert them into water-holding vessels. 

Near these (129) are the pistachio-nut and the patchouly 
plant. 

SeaHng-waoo, (Exhibitors 21, 58, 116a, 73, 93.)— This sub- 
stance is exhibited along with the materials of which it is 
manufEictured, viz., shell-lac, turpentine, and vermiHon, for 
red wax ; the last-named pigment being replaced by lamp 
or ivory black in black wax. The shell-lac is the ingredient 
upon which its value depends. Lac is a reddish resin, 
formed on the twigs of various Indian trees, chiefly species 
of flg, in consequence of the pimcture of an insect, the 
female of the coccus lacca. The twigs encrusted with the 
resinous substance are broug&t into commerce as stick-lac. 
When it is removed from the twigs, pounded, triturated 
with water, and separated from the colouring matter, it 
becomes seedrlac^ When this is melted and strained 

i3 
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ibroagh cotton bags it is sJieU-lac, Lac-dye is an infasion 
of ground stick-lac. It is used as an orange-scarlet dye. 

Wafers are shown in the same collections with the seal-* 
ing-wax. The common kinds consist merely of flour and 
water made into a paste, and coloured with various dyes. 
Transparent wafers are made of fine glue or isinglass. 

Cochineal (66) is the product of an insect very like that 
from which we derive lac, a species of coccus, also the 
female. It lives on ctictus plants. Carmine is manu£u;- 
tured from it. 

Beams; Varnishes, (Exhibitors 62, 63, 64^ 74). — Var- 
nishes are solutions of resinous substances becoming 
solid in consequence of the evaporation of the solvent and 
resisting air and "wet. Various resins are used, and vsri- 
ouB degrees of excellence attained in their manu&cture. 

Insects in Twrpentine, (61). — ^Near these are shown cases 
containing insects taken out of raw turpentine. They are 
interesting as illustrating the presence of insects in amber, 
which is a fossil resin, the product of some ancient coni- 
ferous tree. The insects in amber are, however,. unknown 
species, now apparently quite extinct. Very rare kinds 
of existing insects are sometimes fiound entangled in raw 
turpentine. 

Mother-of'Pearl, (Exhibitors 109, lll.>-^This beautiful 
substance, now so extensively used in papier-machd ma* 
nufactures, is the nacreous layer of certain shells. The 
most common form of it is the produce of several species 
of Avicula, a bivalve shell abounding chiefly in tropical 
Beas, and nearly allied to the oyster and scallop. The 
Indian and Pacific Oceans furnish the greater part of the 
Avierda used in commerce. Several distinct species are 
imported for this purpose. ,The green-ear EdieU, used for 
inlaying along with the Avicvla, is a BaltofiSy or ear-shell, 
a univalve intermediate in its characters between a Tro(^ius 
and a limpet. Some large kinds are brought from New 
Zealand for this purpose ; and the only species inhabiting 
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the European seas, the Hcdiotis tiiberculatay is collected m 
Guernsey, and exported for its mother-of-pearl. A large 
species of Turho is brought from China with the same 
object, but especially to be used in the stronger kinds of 
peadwork, such as making handles for knives, &c. Cameos 
are mostly cut on the shells of a species of Cams. 
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Class IX. — ^Agricultural and Horticumural 
Machines and Implements. Division I. 

Situation of Cuyss. — Extends from the Sculpture 
Court to the West End of the Building ; Minerals on the 
South side; Hardware on the North. Between Pillars 
P. B,., 1 and 28, and it extends on the Western end to 
Pillar 0. from 1 to 4. 

Position of Groups. — In this Claaa, the collections of 
the different Exhibitors are kept together; and as 
these frequently contain most of the implements em- 
ployed in husbandry, it is not practicable to indicate 
any especial groups. 

Ai/THOUGH the number of implements exhibited 
on this occasion is not quite equal to that usually 
seen at the annual shows of the Royal Agricul- 
tural Society, still we have here fair specimens 
of those implements in general use by our most 
advanced agriculturists, and also some few others 
which are now for the first time introduced to 
the notice of the public. For the convenience 
of more readily leading the attention of the 
reader to the different articles exhibited, we 
have arranged them under four divisions, each of 
which will comprehend those implements most 
prominently pertaining to it ; and to these four 
a fifth is added, in which wiU be found those 
articles which are to a greater or lesser extent, 
in use by farmers, but which cannot very suit- 
ably come under the other divisions. 

No. 1 comprises machines or implements 
which represent power, such as — 

steam Engines {^X"*'^*' 
Thrashing Machines. 
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Winnowing Machines. 
Shaking Machines. 

r Turnips. 

Cutting Machines * q^j-* 

, I Grass. 

rCake. 

Crushing Machines< q^™^ 

'Linseed. 
Tile and Brick Machines. 

No. 2. Machines or implements operating on the sur- 

fece, as — 

Boilers, Crushers. 
Harrows. 

^«« {ird-drag. 

Horse Hoes. 

Ploughs, Paring. 

Scarifiers. 

Drills. 

Seed Barrows. 

Dibbling Machines. 

Scythes. 

Sickles. 

Hay Tedding Machines. 

No. 3. Machines or implements operating below the 
surface — 

Digging Machines. 
Cultivators. 

Spades. 
Forks. 

No. 4. Machines used in the manufacture of farm pro- 
duce — 

Mills. 

Cyder Presses. 
Cheese Presses. 
Chiu-ns. 

No. 5, Machines or implements auxiliary to a farm 

establishment- 
Carts. 
"Waggons. 
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Weighing KaefaiBAft. 
Steaming Appauitua. 
Sheep Dippers. 
Feeding Troughs. 
Beehives^ &c. &c. 

The application of maclainery generally has been most 
beneficial to agriculture, and has probably contributed more 
towards its advaocement and towards the social improve- 
ment of the labouxer, than any other of the numerous 
circumstances affisoting land. In districts wheace the work of 
the farm is carried on by manual labour, the man is Takted 
more according to his physicid than to his mental quali- 
fications : the latter is probably neglected or checked, as 
tending to make him dissatisfied with his condition, or 
at all events, as being useless to, or interfering with, the 
machinery of his muscles, and thus lowering his animal 
value to his employer. In such a district, the introduc- 
tion of machinery is generally viewed with suspicion and 
distrust, from an idea that, by replacing manual labour, 
it must injure the existing labourer. But a httle considera- 
tion will soon convince us of the error of such an opinion, 
as the Tnachine can only represent one power, the physical, 
(strength), whereas the man consists of two, the physical 
(strength), and another the mental, or power of the mind 
(skiU), to which the first is materially subject. If, there- 
fore, we wish to improve the condition of the labourer and 
to develop his power, which is his value, to its fullest 
extent, we are acting in our own interest in giving up as 
much as we can of the merely physical (streng^), in order 
to cultivate as much as possible the higher and more 
•valuable faculties, those of the mind (skill). In this the 
interest of the employer is surely as deeply concerned as 
that of the employed. Here it is that the machine comes 
to our assistance; by it we can readily and profitably 
replace that which we wish to give up, and the advantages 
thus gained enable us to devote more attention to that 
which it is our interest to cultivate. Made of materials 
far more durable than thews and sinews, insensible to 
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fatigue, supported and kept in oider at far less cost^ always 
ready to work when required, the machine is yet. incom- 
plete, is indeed useless, unless it is set in motion and 
regulated by the controlling power of the man. By its aid 
the labour of the man is more equally divided — both his 
powers (physical and mental) are called into play — his 
Talue has increased — ^his services obtain a better remunera- 
tion — his personal comfort is more attended to, and his 
social condition generally improved ; the whole couunu* 
nity gradually participating in the advantages gained. 

Such results have universally followed the introduction 
of machinery, and in no department of industrial enter- 
prise are they more prominent than in that relating to the 
cultivation of the soil. Limited though our field for 
observation may be in agriculture when compaored with 
other industrial occupations, still we have seen ^longh 
already to induce us to form a well-grounded behef in the 
future ; and the increasing demand for various machines 
and implements, so ably met by the skill and enterprise 
of our engineers and machinists, gives ample evidence of 
l^e advantages cMmed. The present occasion will pro- 
bably do much towards accderating this object. Masses 
of those whose daily bread depends upon their doily 
exertions will visit the Exhibition ; they will there see col- 
lected together machines and implements, demanded by 
the united wants of tillers of the soil in all parts of the 
kingdom, nay, of the world, and produced by the united 
skill of our most eminent engineerB and workmen. These 
i^ongs, though strange-looking and incomprehensible at 
first to some, will, to the aitentire and inquiring, be easily 
explained ; while to the thouglrbful and reflective they will 
lead to a more correct appreciation of the advantages they 
' afford, and thus to a better friendship between the man 
and ihA machme than gencEaUy exists in purely rural dis- 
iiiots. We wiU now commence our examination of the 
CSaas, taking the difierent artiolea exhibited.. under tiote 
hieadB before-mentioned. 
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SteamrEngines, (Exhibitors 1, 37, 84, 124^ 128, 142, 14d, 
182, 233, 269, 271, 242). — To commence with steam-engiiieSy 
which we see exhibited both as moveable, or stationary, or 
fixed. Of the former there are several by our most es- 
teemed makers. Several of these have already received 
prizes from the Boyal Agrioultiiral Society, and from local 
societies. No. 1 (Stanley) exhibits a smcdl fixed engine to 
which are attached the machines mostly in use on a farm 
establishment, to which a thrashing machine could also be 
added. Another fixed engine of good workmanship and of 
economical arrangement may also be seen in 242. It has 
an oscillating cylinder and is eiiabled to work the crank 
by direct action. Boom is thus saved ; and by its sim- 
plicity it is less liable to get out of order than more oom<> 
plex machines. 

The moveable engines are all mounted on travelling 
wheels, and present many points of observation, inasmuch 
as they are all different in construction. Penn*s patent 
(124) shows a new arrangement of the piston and cylinder. 
The steam and eduction pipes are in copper, in order to 
prevent the chance of injury to the valves by the scales, 
or oxidised sur&ce of iron pipes, being carried into the 
valves by the pressure of the steam. The boiler, and 
indeed the whole engine, may be r^arded as a model of 
workmanship and finish ; it is carried on springs. 

Excellent engines are also exhibited by Barrett and 
Exall (128) ; by Qarrett and Sons (142) ; by Hensman and 
Sons (149), and by Turner (182). In this latter we find a 
small supply cistern in which the water is kept at a con- 
siderable temperature, thus economising fuel and enabling 
the engine-driver to keep up a more regular pressure. No. 
195 is Lord Willoughby's engine, of which we shall have to 
speak in another division on ploughs. No. 233 (Homsby's) 
is well adapted to fulfil the conditions required in portable 
engines. It is simple in construction ; its working, parts 
are well made ; it is light in draught, and being covered 
with a non-conducting material, it suffers less from radia- 



P.R. 1— 88.] STBAM-ElfGmES. 186 

tlon than some of the others. Clayton and Shuttleworth 
(242) exhibit a portable engine ; the prizes it has received 
bear good testimony to its practical value. 

No. 271 (Tuxford and Sons) differs from the others, 
by having all its working parts enclosed. They are thus 
protected to a great extent from the grit and dust insepa- 
rable &om bam work, from the action of the weather, and 
also from the chance of any unfair or careless treatment 
from those having the care of them. 

The principal points to be sought for in a steam-engine 
are, that its effective power shall bear as high a relation as 
possible to its absolute power ; (simpUcity of construction 
by reducing unnecessary friction gives this) ; that the 
fullest effect shaU be given to the combustion of the fuel 
used, so that the largest amount of power may be obtained, 
the largest quantity of water evaporated : this is done by 
surrounding the fire with the boiler, by increasing the 
heating surface by means of placing tubes through the 
boiler, and by coating its exterior with felt or wood to 
prevent loss of heat by radiation ; that the strength of all 
its parts should harmonise ; that they should be easily 
accessible for the purpose of cleaning or repairmg, and 
that the engine should be made as light as possible con- 
Je^istent with a due regard to strength and durability. 

These engines are aU on the non-K^ondensing or high- 
pressure system. The boilers are tubular, similar to the 
railway locomotives, moimted on four wheels, and not too 
heavy for the draught of two horses. 

Thra&king Machines, (Exhibitors 29, 30, 124, 128, 135 
142, 149, 154, 200, 233, 241, 242, 248, 256, 272.)--Of these 
there are several exhibited by different makers. In all, the 
principle of action is the same, the grain being separated 
from the straw by being brought into contact with the 
dram, which is driven by means of multiplying wheels at 
tiie high velocity of from 500 to 1,000 revolutions in a 
minute. This drum is in form cylindrical, either whole or 
in skeleton, to which are affixed on its external surfisuse a 
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certain namber (usually four or fiye) of projecting hvm, 
termed beaters, running parallel with its axis. For the 
purpose of steadying and regulating the supply to the 
machine, a pair of feeding rollers are attached, bet^veen 
«vhich all the com passes to the drum : the grain is then 
separated from the straw, the one falling through on the 
floor, and the other being delivered out at the other side of 
the machine. To most of these machines, straw shakers 
are attached — a valuable addition to farm machinery,, as 
in ordinary cases a considerable percentage of grain was 
carried out mixed up in the straw. These shakers are in 
general in the shape of parallel bars or plates (perforated 
to aJlow the grain to pass through), the alternate ones 
rising and falling with an eccentric motion, so that the 
straw may have a vertical movement given to it to displace 
any grain, and a horizontal movement which carries it along 
the length of the shaker, and delivers it at the extreme end. 
The bars or plates are of various shapes and sizes, and are 
fitted with various kinds of screws and teeth. No. IS^ 
(Bobinson) differs from all the others ; itx^onsistsofaseries 
of wooden plates about four inches broad^ made to revolve 
separately in one direction, by means of smaU wheels at 
both ends. Most of the thrashing machines exhibited are 
well known to the agricultural public as having been use4 
in different districts to a very considerable extent of late 
years. At the meetings of the Koyal Agricultural Society, 
their relative merits have been tested ; . and as these 
trials are conducted with great care, the results enable 
us to form a fair estimate of their respective capa- 
bilities. 

These elaborated trials are of great value, as they give 
us the means of judging how far each machine is capable 
of fulfilling the different conditions required of it. There 
are other points which affect their value, such as cost 
price, strength, and durability, facility of transport, conve- 
nience of arrangement^ compactness, &o., which are open 
to the observation of every intending purchaser. 
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In No. 30 (AntP'cMriHon Thrasbing MaohineX we see the 
principle of friction-wheels applied to the axle of the dram. 
If these will stand the work of the drum when driven at 
high velocities, and keep it true to its bearing, they appear 
likely to materially diminish the Motion, and consequently 
the power necessary to drive it. No. 37 (BurreU), No. 124 
(Bansome), No. 128 (Barrett and Exall), No. 135 (Cross- 
kill), No. 142 (Garrett), are all well-finished machines. 
Nos. 37 and 128 are whole drums ; they both have an easy 
arrangement for regulating the concaves or aprons ; and 
128 has the advantage of being made entirely of iron, 
which gives it greater rigidity, although with only a trifling 
addition to its weight : the ribs of the concaves also have 
smoothed serrated edges, which are very material in the 
clean separation of the grain from the ear. No. 149 (Hens- 
man's Vandyke thrashing-machine) differs somewhat in 
construction from the others, as instead of having plain 
beaters on the drum, they are serrated on their outer edge, 
the ribs of the concaves or apron being made in a cu^cular 
form. By this arrangement they are said to thrash more 
perfectly, to allow a greater distance between the drum 
and the concaves, which considerably lessens the friction 
and consequent draught, and thus admits of a higher 
velocity being obtained, without an increase of power. 
Nos. 154, 200, 233, 241, 242, 248, 256, and 272, offer but 
few points for particular notice. In 154 and 233, the 
drum is entirely open, with round beaters. 241 has an 
arrangement for regulating the concave with great nicety 
and in an easy manner, with a generally good arrangement 
of its parts. In 248 the drum is worked differently from 
that method in most of the English machinery. It beats 
upwards, and has beaters three inches deep. The apron or 
concave has a ready adjustment. A set of fanners or win- 
nowers is attached to the top of the machine, to which the 
com has to be lifted — ^an expenditure of power generally 
avoided. In No. 272 (Plenty), the machine is fixed on 
its own travelling-carriage, the horse being attached. 
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We have been thus particular in enumerating the thrash- 
ing-machines exhibited, on account of the very prominent 
place they occupy in the economy of agriculture, and the 
important bearing which they have on the general morals 
of the country. The flail, its immediate predecessor, 
was no doubt capable of separating the grain from the 
straw as effectually as the best machine, but at a very 
much greater expenditure, both of time and labour. But 
the disadvantages attending its use are not confined to the 
mere loss of time and labour. Although the operation 
can be ef&ciently performed, still it requires the constant 
supervision of the employer to secure it, and this is 
always irksome, and frequently interferes with other, per- 
haps more urgent, requii*ements on other parts of his farm. 
In thrashing with the flail, the first blow separates more 
com than any subsequent one, and consequently the latter 
part of the operation requires much more labour to pro- 
duce a given quantity than the earlier part ; hence arises 
a great inducement to the labourer to throw the straw 
aside, while thus imperfectly thrashed, in order that he 
may have a greater bulk in a given time. Constant in- 
spection may, to a certain extent, remedy this ; but no 
attention will altogether suffice to remove the temptation 
to dishonesty, which is continually presented to a poor 
man when he is left alone, and in charge of a large 
quantity of grain for days and weeks together ; and hence 
arises, even when undetected, and often indeed when not 
committed, a cause of great temptation on the one hand, 
and of injurious suspicion on the other ; both, or either, 
sufficient to disturb that good feeling which ought to 
exist between the labourer and the employer. When un- 
fortunately the temptation has been too strong to be 
resisted, and the barrier of honesty has been once passed 
undetected, we fear much that the moral perceptions of the 
labourer would be too feeble to enable him to withstand 
other opportimities that might' from time to time pres^ 
themselves, for benefiting himself in a like manner. If 
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view the question solely in a money pointy the advanii^es 
the machine offers aboye the flail are so palpable and 
evident, as at once to aocoont for its now universal use in 
all wellrfBunned districts. The machines exhibited aie 
each cslculated to thrash from 90 to 50 quarters of wheat 
per day ; thus representing the united strength of from 30 
to 80 good men. The burner can avaQ himself of any 
rise in the market without the loss and cost of storing his 
com — a saving of barn-room and of labour in shifting is 
effected ; and it frequently gives an opportunity for pro- 
fitable employment to aU the strength of the furm, at 
times when from frost or wet it cannot be employed on 
the land If we follow out the details of the new modes 
a Httie further, we shall more readily recognise the im- 
portant advantages which the introduction of machinery 
has conferred on the farmer, and in no case^ perhaps, is it 
more strongly marked than in this. Let us take it^ in 
refn^nce to t&Aea^ alone, as being the most imporUat 
crop, though not equalling in extent the areas occupied 
by the other bam crops, bariey, oats, beans, &c. 

The average breadth sown is about 10,000,000 (to 
12,000,000) acres; the average yield we wiU take at 
three quarters (these are both minimum quantities). It is 
universally admitted that machine-thrashed com yields 
5 per cent, more grain than that thrashed by hand ; there- 
fore, on the mere increase alone, we should gain 1,500^000 
quarters, which, at 405. would amount to 3,000,000^ per 
annum. Then calculating the difference between the ex- 
penses of the two methods, taking the hand-thrashed at 
hs. per quarter, and the machine at U^ we should And that 
a saving in labour would be effected equal in amount to 
^,000,000^. moie ; in all, 6,000,0007. This sum saved, places 
an immense capital in the hands of the occupier to be 
expended on other improvements, which would react again 
on the quantity produced, imd thus continuaUy add to Ms 
resources. Although the flail is the only implement for 
separating the com that has been transmitted to us from 
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the earlier ages, still we laave records, both in sacred uad 
okssioal histoiy, of imptements and machines in use for 
the same purpose. In the Bible there are several passages 
having reference to them. In the agriculture of the 
Greeks, the pages of Homer make them known to us, 
while the frequent mention, by Yarro and others, of the 
^'tribulum," the "plostellimi paBnicum," &c, show that 
the Romans, as they advanced in agriculture, made use of 
machines in place of human labour. Though some shght 
advances were made in succeeding ages, the greatest step 
towards our present thrashing-machine was made between 
fifty and sixty years ago (1786), by Meikle of Tyningham, in 
East Lothian, whose att^oition was drawn to it by a neigh« 
bouring proprietor, Sir F. Kinloch, who had constructed a 
machine for thrashing com (1779), which, however, for 
want of a proper hannony and arrangements of its parts, 
would not stand the work required of it, and would, 
like others which preceded it, have fallen into disuse 
«iQd oblivion, had not the intelligence of Meikle detected 
its defects, which his practical acquaintance with the 
subject enabled him to remedy and improve upon. 

Thia machine (Meikle's) appears to have been the form 
by which all subsequent machines have been made ; and 
hence, by common consent, the honour of its introduction 
has been conceded to him. Various practical alterations 
have, from time to time, suggested tiiemselves, and have 
been generaliy seized upon by the different mivkers ; their 
lestJts are now before the pubHc, ready to be tested, and 
have their respective values assigned to them. 

In all these machines it wiU be noticed that the beaters 
are of iron : those driven at high velocities have a certain 
tendency to break or bruise the grain which comes in con- 
tact with them, and thus have in some districts created a 
disinclination in the market, especially by maltsters, to 
purchase grain thrashed by machine. By having the 
beaters in wood, backed by iron plates to give rigidity, 
the difference between the relative hardness of the grain 
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and of the beaters is considerably lessened, the work is 
done quite as efficiently, and the com has less chance of 
being injured. We have practically tested the alteration 
to a considerable extent, for three harvests, and have found 
the market sample considerably improyed by it. 

Winnowers, (Exhibitors 31, 53, 74^ 87, 109, 124, 126, 135, 
142, 148, 202, 233, 241, 248, 254^ 270.)--Winnowing machines 
are exhibited in great numbers, and as they form an im- 
portant appendage to a thraahing machine, much attention 
has been paid to them by the various makers. The prin- 
ciple of construction is much the same in all, the difference 
beingseenin the arrangement of the various parts. When 
the thrashing machine is fixed, the winnower is usually at- 
tached underneath, so that the grain, as it is thrashed, may 
fall directly into it, and thus be rendered ready for the 
market at once. In other cases, the machine consists of a 
strong frame, harving at the top a wide flat hopper, into 
which the grain is to be thrown, and from which it gradually 
falls on one or more riddles, which separates any loose 
straws, &C., that may be in it. Having passed through 
this riddle, it is immediately acted on by a powerful blast 
or current of air generated by fians or wings made to revolve 
(by means of a handle and multiplying wheels) at a great 
vdocity, by which all the chaffer husks and light com are 
driven away from the good com, the two Mtter being deli- 
vered from the machine by different spouts, while the 
former, owing to its Hghter weight, is blown out at the 
other end. Arrangements are readOy made for altering the 
quality of the samples, and also for adapting the machines 
to winnow any sort of grain. 
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Class IX. — ^Agricui/tural and Horticumural Machines 

AND liffUPfENTS. DIVISION 2. 

Cutting Machines. 

Tumip^utters. (Exhibitors 110, 124^ 185, 237, 252.)— » 
The improTed system of husbandry has created a great. 
arKi increasing demand for machines for cutting turnip 
for sheep and cattle, and also for economising the con-^ 
sumption of hay and straw, whether for food or for Utter* 
Of late years the turnip-cutters of Gardner's patent have 
been generally preferred for 'sheep-feeding when smaE 
divided pieces are required; for cattle this is not so im- 
portant^ and others of a less expensive construction are 
made use of, though, by a recent improvement, the same 
machine, with additional knives, is made, by reversing 
the action, to cut shoes for cattle as weU as for sheep. 
Gardner's machines, of which there are several modifi- 
cations exhibited, cut the roots by means of two-sided 
knives, fixed on, in step-like rows, to the outer surface of 
an iron cylinder, which is placed in a wooden frame, witk 
feeding hopper, and turned on its axis by a handle. These 
knives, acting hke so many planes, cut the roots opposed 
to them into thin shces, which fall through the apertures 
and thence into a box beneath. 

In 110 (Moody's patent) the cylinder is of a conical 
ahape, and the cutting-knives are in the shape of hemi- 
spherical scoops acting in the same way as Gardner's. 

In 237 a simple form of machine seems hkely to effect 
all that Gardner's cutter does, and at a decreased cost. The 
knives in this are merely projecting blades fastened to the 
bottom of the machine, which, by means of a double crank 
worked by the handle, is made to move backwards and 
forwards, the knives working into sockets cut in the cross- 
pieces, by which they are kept clear, and every shoe equally 

I. Kl 
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cut up. 124 is a machine for cutting up chicory preparaiboxy 
to drying it. 

Chaff-cutters (Exhibitors 1,27, 78, 83, 93, 109, 113, 128, 
135, 137, 150, 168, 180, 185, 205, 234^ 256, 875, 276) «c» 
exhibited in great variety by difftsrant makers, some oi 
which are intended for hand-work, and others for horse or 
steam x>ower. In most cases the cutting-knives are attached 
to the fly-wheel, varying in number, from one to three, and 
ako in shape : the outward curved, or acimetar knife is 
thai most approved of, as dividing the straw by a draw^ 
iiig«<nit, instead of the pressing^mt of the knife curved 
inwards. The chaff-HSutters exhibited, £^pear likely t^ 
meet the requirements of the farmer. They all havd 
ammgements for cutting chaff of different Imigths — a 
matter of importance where the chaff is required for 
horses as well as for ruminating animals; they also enable 
the flEirmer to economise his straw by catting it up foe 
litter, instead of throwing it down whole. The liquid se- 
cretions are thus more readily absorbed, the animals kepi 
cleaner and drier, and the manure far better made. 

In 78 a different arrangement of the cutting-knives is 
seen. They have two edges, and are fixed in a frame- 
which is moved up and down (vertically) cm the hce of 
the machine, by means of a crank worked by a handle 
and a fly-wheel ; they cut with each motion. 

In 248 the cutting-knives have serrated (saw-shaped)* 
edges, which are kept true by a very simple and efficient' 
method of sharpening. For cutting l^oken or damp straw 
or hay they are very good, as the rough edges of the knives 
ensure a readier hold on the substance presented to theuL 

In all cases it is desirable that the knives should be 
so arranged as to effect a continuous cut, in order that 
the resistance may be kept equal. In cases where one 
knife flnishes before the other begins its cut, the rotatory 
motion is increased during the interval by the absence of 
resistance: this being i^ain checked occasions a lateral 
vibratory action^ more or less according to the speed at. 
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mjik^ it is driyen, wMch must be prejudicial to tibe kiiiye» 
as well as to other ports of the machine. 

These observations are not intended for machines 
worked by the hand ; in these a portion of the power 
must be sacrificed in order to obtain momentum, whil& 
the comparatiyely slow speeds at which they are woiiced 
rMider the lateral action of no importance. 

There are two machines for cutting straw only (109 and 
WO), The former is similar to the other machines, but 
has only one knife : samples of the different lengths cut 
are shown. In the latter, the upper roller has a number 
of knives arranged IcmgitudinaJly on its surface, which cut 
by pressure on the lower roller, the straw being forced 
out between them. 

Com <md Grass CttUing Machines, (Exhibitors 60, 81, 
89, 139, 142, 145.) — ^We now come to a description of cut- 
ting machines of which but very little is at present known 
in practice, though, &om the number of models exhibited 
by different persons, it would appear that considerable^ 
attention was being paid to the subject. A machine that 
will efficiently represent hand-labour in the harvest-field 
would be a great boon to the farmer, as in all field ope- 
rations, despatch, in such a climate as ours, is a matter of 
great importance; and the last process of maturation 
is so rapid, that it rarely happens that^a farmer can obtain 
strength enough to cut all his crops at the precise time 
he would desire, without taking it from other operations 
which are perhaps of equal importance, especially in a 
diangeable season. These machines, however, are not 
new. Some 50 years ago, a reaping machine was in- 
vented by a Mr. Boyce, for which a patent was granted. 
It appears to have been a frame carried on two wheels 
Jmed en a centre axle : this axle revolving with the wheels 
gave motion, by means of a pair of bevilled wheels, to a< 
vertical axis projecting before the carrying wheels, to the 
bottom of which scythes were &stened : these revolving 
at a rapid rate, cut down the opposing com; but no 

k2 
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arrangement seems to have been made for collecting it or 
laying it in swathes. Another machine, by a Mr. Ruck-' 
nett; next appeared. This had a circular steel-plate or 
disc, with a saw-edge, which was driven in the same man- 
ner, and was considered to do better work. Mr. Gladstone, 
of Castle Douglas, Kirkcudbright, shortly afterwards intro- 
duced some improvements in the arrangements of the 
Biachine, in the shape of a circular table with stout 
wooden teeth, notched below all round, which was fixed 
immediately over the cutter and parallel to it. This cir- 
cular rake held up the com against the cutting^knife, and 
then collected it, and laid it on the ground between the 
wheels in two parallel lines. A small wooden wheel was 
attached at the back part of the cutting-knife, with 
which it was in contact ; this was covered with emery, 
and thus always kept the edge sharp. The next attempt 
was upon quite a different principle ; as in this machine, 
invented by Mr. Salmon, of Wobum, Bedfordshire, the 
•com was cut by means of shears, with an eurrangement 
attached for collecting the com and laying it down in 
rows. About this time the attention of Mr. Smith, of 
Beanston, was called to the subject, and the result was 
shortly seen in the shape of a machine, which he tried for 
the first time in the harvest of 1811. This was on a small 
scale. The succeeding harvests enabled him to notice and 
to remedy some of its defects, by which he was induced to 
have one constructed on a larger scale, which was practi- 
cally used on his farm. This machine consisted of an 
axle and two carrying-wheels, in front of which was sus- 
pended a hollow drum or cylinder, to which a rapid rota- 
tory movement was communicated when the machine was 
in motion. The lower edge of the drum was armed with a 
circular cutting-knife, and the cut com was laid in a row 
on either side of the machine. Behind the axle was fixed 
a pole, to which the horses were attached, the machine 
being pushed forward by them through the standing com. . 
About a Scotch acre (five roods) an hour was cut by this . 
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machine.* In the Highland Society's Journal is an accounjtj 
of a more recent machine, the invention of Mr. Patricli: 
BeU, and which was tried at Gowrie in 1829. The work 
done was considered quite satisfactory : wheat, beans, and 
oats are said to have been cut down on uneven ground at 
the rate of one acre per hour. 

We have been thus particular in noting the machines 
that have been already before the public, as most of thos(> 
now exhibited seem to be merely modifications of the same 
construction, In 81 we sfee an arrangement simOar to 
that of Mr. Boyce, motion being commimicated from the 
carrying-wheels to a centre axis, to which two scythes, 
like knives, are attached. Like the original, also, no 
arrangement is made for laying up the cut com ; and 14^ 
is somewhat similar. Here we have the cutting-knives 
of a different shape, and four in number : they are at- 
tached to arms to which a rotary movement is com- 
municated, and have an ingenious contrivance for keeping 
their cutting surfaces always to the standing corn. In 
this machine^ however, a portion of the frame (which is 
triangular), with a wheel travelling in front, precedes the 
cutting-knives, and thus woidd appear likely to impede 
the machine by pressing down the com in front of the 
cutting-knives. In 190 a machine is seen resembling 
in principle those of Plucknett, Gladstone, and Smith. 
In this, however, there are two cylinders of smaller 
diameter, and worked in the same line ; but it appears 
not to have any arrangement for collecting the cut 
com. It is propelled by horses, attached to a pole or 
shafts at the back. Garrett (142) exhibits a machine 
constructed on the same form as those in use in the 
United States and in Canada. The principle seems to 
resemble very much that originally introduced by Mr. Sal- 
mon, of Wobum, Bedfordshire. This machine, which has 
the reputation of practical performance in the field, con- 

* In the harvest of 1838 vre had an opportunity of seeing this machine at 
work on a crop of oats, apparently in a very eflTectire manner. 
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«isl» of a flat tray (sheet-iron, on a wooden frame)) 
some four inches above the groundL On the front Hne are 
« «eries of projecting teeth which are fixed ; between thBae, 
a series of teeth-«haped knives, with double-cutting edg«B, 
«re made to work to and fi^ horizontally with great 
rapidity, the motion being communicated from ihib car- 
riage, from the side of which this is projected. The 
horses walk by the side of the standing com, dragging itbe 
machine up against it. The straw is held betwem tlie 
fixed teetii, and thus cut by the action of the knives : it 
then Mis on to the tray, on which a li^t tumrfurrow is 
fixed ; this lays the cut com in an even line, which is left 
-behind as the machine travels on. lliere are, however, 
two machines exhibited which appear to be of a more novel 
eonstniction. One (89) consists of two very long cutting 
blades fixed horizontally to a light framework, and sus- 
pended from two high carrying-wheels ; these knives are 
joined together at one end, so as to form two sides of a 
triangle. The horse is attached to shafts placed behind 
the axle, and between the knives at the wide end, and thus 
propels the machine forward ; a seat placed over the axle 
ienabling the driver to direct the horse, and also to elevate 
or depress the cut of the machine, and it has an arrange- 
ment for laying the com in swathe. 

In 139 an attempt is made to imitate the common oc^ 
tion of mowing with a scythe. It consists of a small 
square frame on four wheels, containing a transom-plate, 
to which an ordinary scythe, with cradle, is attached by 
means of light iron bars representing the handle. An up- 
right spindle passes from the transom-plate through the 
top of the box, to which a cross-handle is fixed. By means 
^f this handle, the transom-plate and the scythe connected 
with it are moved through half a circle : by reversing the 
action of the handle, the scythe is drawn back again, and 
its backward motion, by means of a small rack and 
pinion which are fixed on the axle, causes the machine 
itself to move forward 12 inches, or any given distance. 



'flMr«ui com is had in awathes by Idie cradle^ as m «rdl- 
1101*7 nxowiog. This maohine is said to out a sheaf at eadi 
i^roke; however, as the stroke is only 6 feet wide o&d 
1 foot deep, it can only oat down the crop growiag on 
^ square feet of surfiakee. This quaatity, except in an 
extraordinary ease, would only furnish a very small sheaf 
In 60 (Beokford & Qosling), a machine is seen for the eomr 
bined purposes of eut<ang and of tedding grass. Hie two 
parts are fixed on the same axle, and work in parallel 
lines. The cutting portion is similar to the drtmi*-i«aping 
machines, and the other is the same as the tedding ma- 
ohines in ordinary use. 

These maclnnes are «J1 the result of a v^y laudable and 
ingenious endeayour, by different individuals, to construct 
an im^bment that would add so materially to a &rmer'fi 
powers, dome of them seem to fiiMl more of the condi- 
tioDfi requii«d than the others do ; but none of them 9^ 
pear to be at present capable of meeting those dtfficultieB 
which {»>esent themselves to a great or less degree on most 
terns, such as unerenness of sur&oe, kid crops, &c. 

Crmhing Machmes. {Exhibitors 1, 3, 7, 76, 77, 82, 134, 127, 
1S8, 142, 181, 182, 233, 240, 266.>--Maohines for crushing 
oii^cake, com, beans, and linseed, are now in gmeral use in 
most f»rm establishments. There are many very excellent 
<«oeB for either purpose exhibited. 'Hiose for oil-cake 
require great strength, and are usuaDy made with two 
parallel rollers, armed wil^ i^ikes or teeth of a pyramidal 
(cams) or curved form, fixed in a strong frame, set in 
moUon by means of cogged wheels and a fly or driving wheel, 
'to which the handle is attached. The distance between 
ifae rollers can be regulated so that the cake may be 
crashed either for sheep or cattle. Crushers of this 
^description may be seen in Nos. 124 (Bansome), 127 
<Wedlake), 128 (Barrett), 142 (Garrett), 233 (Homsby). 

The crushiers for grain and linseed are somewhat dif- 
ferent, the sollers being either fluted or quite plain ; for 
hmim they as» generally fluted. They vary ia f orm^ and 
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4Ll80 in the method of regulating the rollers. In soom^ 
$lao, we find only ofte roller working against either one or 
two fixed plates in front or behind, which are grooved or 
fiuted like the roller. The advantages resulting from the 
use of these machines, in the preparation of artificial food 
for cattle, are of great importance, as not only does ths 
food afford greater nourishment, owing to its divided staAe 
and more assimilable condition, but the crushed state of 
the grain prevents germination, should any of it become 
mixed with the litter either by accident or by the excre-; 
tions of the non-ruminating animals, which is too often 
seen when the whole grain is used There are also some 
machines exhibited for crushing Gorse, and thus rendering 
it fit for cattle-food. These are well worthy of notice as 
materially conducing to the use of an indigenous plants 
growing luxuriantly on soils which otherwise would be 
entirely unproductive, and yet containing in itself matter 
of a highly-nutritious character, and, when prepared by 
these machines, readily eaten by sheep and cattle. 

Tile Machines, (Exhibitors 47, 98, 137, 288, 239.)— Tfa^ 
machines for making tiles are of all of t&em well known to 
the public, and have been favourably noticed by difierent 
Agricultural Societies. The principle is similar in aU :-^ 
The clay, having been previously prepared, is placed 
in a box, whence it is forced out through apertures 
or dies of difierent forms, according to the purposes re* 
quired. The arrangement of the component parts, and 
the method of working them, appear to be the points con-> 
.stituting the difference between the various machines. In 
none of these do we notice any arrangement for connect- 
ing one pipe with another — a matter of great importance 
where pipes of small diameter are used, especially on soft 
bottoms. The only method at present in use is either to 
have notches (cut by the machine) in the end of the pipea^ 
in which small slips of wood (dowels) are inserted as the 
pipes are laid ; or else to have collars wide enough to 
cany the ends of the pipes, and thus prevent their ds»> 
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plao^uent. These collars are usually merely sections of 
larger pipes cut off by the machine in convenient 
lengths. A patent was taken out some three or four 
years since by the late Mr. Smith, of Deanston, for 
•dividing the pipes by an irregular cut, giving them ser- 
rated instead of straight ends. By this plan the extra 
.expense of the dowels and the collars was saved : the 
pipes having a bearing on each other were less liable to 
be displaced, and the ends being irregular, a greater 
drainage-aperture was obtained. 

. Ilarrmvs, (Exhibitors 109, 128, 135, 161, 185, 240.)— One 
of the first and ' principal conditions in farming, as in 
gardening, is to obtain as fine a tilth as possible. This 
condition is desirable during the whole period of cultiva- 
tion, but more immediately of importance during its 
earliest stages. The implement that the farmer chiefly 
relies upon to effect this end is the harrow ; and therefore 
it is natural that this important implement, so universally 
used, should be regarded with great attention both by him 
and by the machine-maker, so that the skill of the one 
may carry out those alterations which the practice of the 
other may from time to time enable him to suggest for its 
improvement. Unlike those machines of modem inven- 
tion of which we have just spoken, the history of the 
harrow would probably take date with that of the plough. 
In the pages of the Bible we find mention made of it, and 
an the works of the Roman writers on agriculture we find 
copious descriptions of the different kinds of harrows then 
in use* descriptions which comprise all the various sorts 
of modem times, and resemble those very closely stiU in 
use in some of our backward districts. In the middle ages, 

* There were four distinct implements for pulverizing the sur&ce in use in 
Homan agriculture, to which the names " Irpex,'* *' Crates," •' Rastrum/* and 
•*'8arculum," were given. The ** Irpex" was very strongly constructed more 
like our large drag harrows. The *' Crates," which was made of a different 
weight and strength, to suit tlie purpose required, more resembled our ordinary 
harrows. The " Rastrum " had a single row of teeth like our rakes, and the 
** Siuculum " was, no doubt, the original of our present hoes. 
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whUe wfpcdilme dedined, the good Bomaii bairowB 
fargp/UoD, and a more piiiiiitiTeBabstitiite wis used, as 
find from Gervaae Markham C* FaieiraD to Hosbaiidiyy* 
pablished 1668) directions for the mann&ciare of ilie 
hanrowB^ of which he giyes an engraTing. He says, " get 
a pretty big whitefchoin-tree, which we cafl the hawtfaociK 
tree, and make sme that it be woiiderfii% thick, bmhy, 
and roQgh-^rown." lids kind of implmient may be aeea 
in India even at the fweaent tim^ the natiTe cnhivataiB 
hardly using any other. In Russia (Asiatic) the peasanta 
make roo^ hanrows from the Iwanches of the fir4ree^ 
leaving their partially-remoYed spars to serve as teeth. 
The joining together of wooden frames^ as in the iHg^^** 
harrows, was a hiterimjsroTonent. Then came the inserta^m 
of wooden teeth : these were nert rephced by iron teeth 
in wooden frames ; and kstly, as agricaltare hasadvanoed, 
we have seen the old wooden frame laid aside^ and the in-> 
trodnction of an implement of improved shape, greater 
dorabifityy and more effective in the field, constmcted en- 
tirety of iron. The improvement in shape oonaists in 
the panillRl bars of the frame crossing each oth^" at 
obliqae angles instead of at ri^t angles, as the ordinaiy 
foim ; thus allowing of a strai^t draught or tractioii 
being implied to them, and insuring a more regokr 
division of the soil by the projecting teeth. The greater 
durability is obvious frt>m the nature of the materials 
used. The more effective performance in the field has 
been proved by experiments between the work done by 
wooden and by iron harrows under precisely the same 
conditions, which have also proved that^ for general 
puiposes, the teeth or tines should be set perfect^ 
straight in the frame, and that the best shape for the teeth 
is that in which the horizontal section above the pointed 
end is either a square or a parallelogram. These forms 
are ctmsideied best adi^ited for lessening the friction to 
whifih the teeth are subjected in being drawn in a direc- 
tion parallel with their diagonals^ and for resisting the 



lateral strain or motion occasioned by tlie various ob- 
«tacles with which they are brought in contact In 
No. 185 (Samuelson) may be noticed the haxrows in use in 
certain districts previous to the introduction of the iron 
harrows ; and at No. 109 (Cottam) we may see exhibited a 
chain or web harrow, introduced by the late Mr. Smith of 
Deanston. This differs materially &om the harrows just 
described, and is adapted more particularly for the lighter 
description of soils, or for special occasions. The frame- 
work of the ordinary harrow is here represented by a web 
or network of stout iron wire, and the teeth by iron discs, 
with serrated edges, and with holes in their centres suf- 
ficiently large to enable them to revolve freely round the 
portion of the web on the angle of each mesh or square 
of which they are fixed. All these harrows are made 
light or heavy according to the purposes reqidred, and 
they are worked in sets or gangs of two or three — ^the whip- 
pletree or drau^t-bar to which they are attached having an 
arrangement for regulating the draught. Another form of 
implement should here be noticed, inasmuch as it is known 
under the name of Norwegian harrow, though its form and 
ii» apphcation would entitle it rather to be considered as 
a clod-crusher or breaker. It was introduced into this 
country about ten years ago, since which it has been im- 
proved in its working capabihties, and is now general^jr 
considered as a very effective implement in pulverizing 
the surface soD, its pecuUar form enabling it to penetrate 
and break down the lumps or clods without that amount 
of pressure so objectionable in common rollers* There are 
only two exhibited, 128 and 135; in both the same ar- 
rangement of tines or rowels may be noticed — the three 
parallel axles each carrying rowels with a different num- 
ber of spikes or teeth, the first having five, the second 
six, and the third seven. This arrangement causes them 
to rotate irregularly, and'' thus prevents them, to a 
great extent^ from being clogged up while working on 
the field. They are apphed very beneficially upon ploughed 
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leys in the autumn preparatory to whealr^owing, their 
long teeth breaking through the fibrous tenacity of the 
furrow shoe, and leaving a finely-divided seed-bed on 
the sur£BM)e. They are made entirely of iron, and have 
travelling wheels and an arrangement for guiding and for 
raising or lowering the implement when at work. 

Hakes and Hoes. (Exhibitors 142, 151, 234, 240, 241.) — 
The common hand-rakes and hoes, although valuable 
implements in certain cases, have been found unequal to 
meet the reqtiirements of modem farming, and machines 
have been constructed by which the combined powers 
of several rakes or hoes, as the case may be, have been 
concentrated in one machine, to which motion is given 
by substituting horse for manual labour. The rake& 
are made either of wood and iron, or of iron alone, and 
consist of a series of curved tines or teeth working inde- 
pendently (so as to suit unequal surfaces), but attached 
to the same bar or frame, which is carried on two small 
wheels. The peculiar curved form of the tines enables 
them, when in motion, to ride on the surface of the soil, 
and thus collect any substances that may be lying loose 
on it, a simple lever arrangement, giving the attendant 
who follows every facility for clearing them whenever 
necessary. The horse-hoes are more varied in form, some 
of them being intended merely for hoeing in between 
single rows or drills of beans or root-crops ; others again, 
being of a wider make, and intended more particularly 
for crops drilled at closer distances, such as wheat, &c» 
These last are not, however, in such general use as the 
former, but are to be met with in most well-farmed dis- 
tricts, especially where the drilling of the Qrops is attended 
to. Of those now exhibited, 142 appears' to take pre- 
cedence, as being one of the most valuable and effective 
implements yet brought out, and consists of a pair of 
wheels and an axle, from which are suspended a set of 
levers (hke those of the drill), having hoes (of different 
shapes, as may be required) attached, working independ- 
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eMy of each other, and capable of being set at any 
desired depth by means of regulating keys ; so that^ 
however uneven the surface of the ground may be, aU 
the weeds growing on it are sure to be cut up. A swing 
steerage, acting upon all the levers, gives perfect command 
over the line of the hoes, thus any irregularity in the 
drills may readily be followed without any chance of in-' 
jtffing the plant. The hoes may be varied in distances so 
as to suit the different widths of the drills, and a simple 
arrangement exists for raising the whole of the levers at 
once, when required for clearing the hoes or in turning. 
On the fore^part of the carriage is fixed a box, similar to 
the broad-cast-barrow, for sowing small seeds, the spindle 
being worked by a pulley and strap from the large wheels. 
The spouts are brought down to the ground, and have flat 
wide mouths, so that the seeds may be well scattered 
between the drills ; the hoes then follow, and by paring 
the surface prepare a sufficient seed-bed for them. By 
having the horse-hoe the same width as the drill, all the 
driver has to do is to keep the wheel in the track made by 
the wheel of the drill ; then if the hoes are set at the same 
distances, they wiU follow in the same hues. The difficulty 
of getting wheat properly hand-hoed in the spring is very 
great, the wetness of the soil and the variation in the weather 
generally causing the operation to be delayed until a time 
when other work on the farm requires attention, and yet the 
advanced state of the plant will not admit of further delay. 
The work, too, is rarely done to the farmer's satisfaction, 
b^ng commonly piece-work given to strangers, whose 
object is to get over the ground as quickly as possible ; and 
thus a considerable portion of the surface is frequently 
untouched^ and merely covered up with the loosened soil. 
The horse-hoe reheves the farmer from his anxiety. With 
one horse, a boy to lead, and a man to attend to ijb, from 
10 to 16 acres may be finished in a day, with a certainty 
that every part of the surface shall have been visited. 
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This ledoees the expense of the operatkm froniy sajf 3^ ^ 
•boot fti per acre ; the work is better doney and the fiHrmw 
ifi enabled to get all his cropa deaied at the ezaci tamo 
which he thinks most deabafafe. In 270 may also be 
Qotioed a hone^oe for aiinihur poipoMs. It is of saaaOsr 
aise, and more simple in oonstmction than Garrett's, lea* 
expeiisiTe in priee, and seems well ammgad in all itar 
parts. The hoes are fixed upon two separate bars, pandkl 
with the axl0^ one a httie in advance of the other, a hand)* 
at the back giving the steerage to thran. A seed-box m 
fixed before them as in the former. Two otiieia are exhi- 
bited, 96 and 14$^ resembling those described in tibeir mode 
of action, but containing no points needing lE^wcial notioew 

Bane^oes. (Exhibitors 15, Sa, 73, 1S4A, 127, 140, 143; 
150, 185, 230.)— Of the horse-hoes for sin^ drills we sett 
several that deserve onr attention, the increaaing im- 
portance to the farmer of &]]ow crops having gHmwIfliHt 
the different makers to vie with one another in providing 
him with the most efficient implements for carrying out tha 
great object of the system. 

We consequently have a great variety exhibited. They 
are all made of iron, in form resembling the handles and 
beams of a plough ; the tines or hoes being fixed to the 
beam, and to the frame which is attached to it. A small 
wheel usually runs in fronts by means of which the workiog 
depth may be regulated. In order to rendw them equally 
available in drills of different widths, they are constructed 
so as to expand more or less as may be desired: thia 
movement is effected in several different ways ; in 124a 
and 143, the required width is obtained by shifting the 
tines or hoes along the frame in which they are fixed. 
Attached to the hind part of 15, 140, and 230, may be 
noticed a small spiked roller, which follows and breaks 
up any lumps or slices left by the hoes, and in 73 a plain 
harrow is attached for the same purpose. 

Faring Ploughs, (Exhibitors 14> 124, 186, 217, 266.)— 
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^Bum are sevarai implemdiits exhibited for the ptirpose df 
^dmming or paring the surface^ especially adapted to aid 
ibe fanner in deansmg his stubbles after the crop id 
xumoved. As great str^igth and rigidity are required, 
titey are constructed entirely of iron ; and although they 
differ much in the arrangement of their parts, they all 
appear calculated to answer the purpose for which they are 
used. 124 is a well-fimshed implement^ stnd is intended 
to be used either as a paring-plough, a scarifier, or a subsoil 
pkax^. It consists of a stout beun, frame, and sole of a 
]^ough : across the beam is fixed a shorter one, havmg at 
each end bars running pamllel withthe centreor main beam. 
Upon these bars the wheels, and also the tines or shares 
are fixed. If required as a paring->plough, broad Y-shaped 
or winged shares are used ; if as a scarifier these are re^ 
aiOTed, and chisel points substituted, the wheels, in each 
instance, regulating the depth at which it is worked. By 
Jtemoving the transverse beam with the side bars, wheels, 
^., it is readilv transformed into a skeleton-plough, and 
th^ is so^or mibsoiling, for which it se.Z to be weH 
adapted. 160 (Hill & Co.) is a simpler form of imple- 
mmt, and is only intended for one operation. It consists 
of an iron frame of a triangular form on three wheels, and 
with two stout tines, with broad angular shares or hoes, 
having the wings of both on the inside, so as just to cross 
the centre line, one being placed a little in advance of the 
other. A tine, with a wide chisel point, precedes them in 
the c^tre line, and two curved tines follow, one behind 
each share, for the purpose of breaking up the soil, and 
thus exposing the roots of weeds, &c., more perfectly than 
they otherwise would be. A lever motion regulates the 
tiepih of the tines, and also assists the action of turning 
in the field. 217 is a valuable addition to our list of 
Implements, and seems to meet with and to merit 
the commendations of our leading agriculturists. Like 
124, it can be arranged either as a broad-share plough, 
a scarifier, or a subsoiler, and it may be noticed as 
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differing from the others by having its principal woEkinS 
part placed at the heel of the beam instead of in front ; 
thus rendering its action steadier and easier, the soil 
having been disturbed by the smaller tines or shares 
which precede it. The beam is long and straight, having 
A transverse beam at the end, made of hollow sqn^rtt 
.iron, which gives rigidity without a great increase of 
weight. To the main beam a plough frame is fixed with, 
moveable points and shares, and to the transverse beama 
are attached two cultivator tines, also with moveable points^ 
which can be shifted along the beam, so as to work nearer 
or wider from the main beam as may be required. 256 
is a simple skim or paring plough, with two broad 
paring shares, which are followed by two curved tines^ 
having a lever arrangement (Lomax's patent), by which 
they may readily be withdrawn from the soil by the driver, 
though they are so fixed as not to shift in their work. 

Cultivators, (Exhibitors 32, 34^ 49, 50, 110, 124, 124b, 
216, 234) — ^They are aU powerful implements, constructed 
.in iron, usually in the form of an irregular pentagon, and 
carried on two larger travelling wheels, with a third wheel 
(smaller) attached to the front as a guide-wheeL They vary 
Aom each other chiefly in the form of their tinea or 
coulters, in the manner in which they are fixed to the 
frrame, and also in the arrangement by which they are 
xaised or lowered while at work. In some the tines have 
moveable ends, so that different shares may be used 
according to the purpose required. In others the tines 
are permanent, and can only be used as cultivatoi»» 
The points of difference between these machines are 
important, as they constitute the objects by which their 
relative merits are to be judged : it is, therefore, de- 
sirable, in the selection of one, to satisfy yourself that the 
tines are of such a form as best to withstand the strain 
upon them when at work, and not clog up with the 
weeds or other substances on the surface ; that the mode 
of fixing them is such as neither to weaken the tine or the 
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ttssm^ noi to be liable to injury, nor to be dif&cott to alt^ 
Or adjust ; that the leverage for altering the gear shall be as 
simple as possible, and that the weight of the machine shall 
be as light as is consistent with the work it has to perfonUb 
• dod^crttshers^SoRen. (Exhibitors 66, 77, 129, 135, 238> 
J67.) — ^The clod-omshers of Crosskill & Co., and Cambridge, 
hxve long been in general use, and have been universaUy 
admitted to be most efiPective assistants in obtaining that 
tilth so necessary for the reception of seed, as also for con* 
aolidoting the ground after the &osts of winter, or when 
the young plant (com) is attacked by wireworm. These 
jtaplements consist of a series of cast-iron rings freely and 
independently moving on an axle to which is attached a 
stout wooden frame with shafts for the horse. In Cross- 
idll's, these rings have deep serrated edges, with stout spurs 
projecting laterally between them. In 238 (Cambridge), the 
rings are somewhat broader, plain on their extreme peri* 
phery, but hollowed out on either side to the depth of 1 J 
mches, thus giving the horizontal line a sulcated (furrowed) 
appeairance. In 66, a land-presser is exhibited as being 
adapted for fen lands. This consists of a number of rings 
moving on a common axle, but differing from the foregoing 
by having their edges quite flat, and about 2 to 3 inched 
wide ; in fact being merely sections of a common roller or 
cylinder. At the back is a scraper, which, by means of 
screws, may be fixed at any given distance. The objection 
to these crushers or rollers is, that they can only be used 
when the surface is tolerably dry, as otherwise the inter- 
eNaces between the rings hold the dirt, and theyspeedily 
©log up. This has led to the introduction of an improved 
or double roller, in which the rings are moimted on two 
p«.rallel axles, and fixed at such distances from each other 
'<m the axles that those on the last shall move in lines be- 
tween those on the front axle. 

• In this manner, one-half of the surface is acted upon by 
ihe first row, and the remaining half by the second row. The 
^draught is but little increased, and the chance of clogging 
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4ioiiipldtcfyobTiato<L The diffieolty of tunmigliieu dmiUd 
madiiiie^ at the end of the land is a great objection t»ti»rtr 
use, bafc titia has been met by 77, on the frame «f ii«ld«k 
an iron transom plate is fixed to -which the h<mnB me 
aifetached. This, by a simple arrangement^ admits ef the 
fraught being applied to either side^-being changed, in fiM^ 
from the front to the back of the machine ; so ihat^ cm 
reaching the end of the land, the hoTses merely tttm. 
around, and the draught is applied to the back. Tbime 
unproved arrangements give the &rmer an opportunity of 
using an importuit implement on his land at a season ^f 
the year when probably the soil would be too moist to 
allow of the ordinary roller or presser being used. The 
roUen exhibited by Warren (257) are eonstructed with two 
<x more iron cylinders working on the same axle. This 
dBTangement facilitates the turning, which is atways an 
objection to the use of rollers farmed of a sing^ piece. 
In 56, a new method of fixing the scrapers may be no- 
ticed. 

. Bdt^-meikmg or Tedding Machuua. (Exhibitors 127, 126, 
324) — ^These very useful machines are well repreeentad 
on the present occasion by 127 (Wedlake), 128 (Burnett), 
and 234 (Smith), in which may be noticed aU thoae recent 
arrangements for fiicilitating and improving their work, 
*the usual consequence and companion of an increasing 
demand. These machines are generally made as light as 
possible, having a due regard to strength ; wrought iron 
being used wherever practicable, and a due harmony <^ 
served between the strength of the different parts. They 
consist of a frame, to whidi a pair of shafts are attached in 
front, and a pair of wheels and axle at the back. On iMs 
axle revolve two skeleton cylinders, to the bare or ribs of 
which are fixed the teeth by which the operation of 
spreading or tedding is effected. Motion is communi- 
cated to the cylinders by the carrying wheels, each 
cylinder, however, by a simple contrivance working inde- 
pendently of the other. The cylinders can easily be 
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^ittiBed or lowered, bo as to suit the different kinds of woxk 
Tequired, by means of a lever spanner acfting on a pair of 
fiiitre-wlieels placed at the side of the axle (in 128), or 
Iby means of a crank and screw (as in 234). The teeth 
<or rakes are kept to their work by means of springs at the 
iMck, which enable them to yield to any obstacle in their 
firogress, and immediately to return to their position. 
1^ man onlyis required to work the machine, which is 
irary light of drought ; and, by the improved arrangements, 
h» can readily regulate its work in any way that may be 
tiequired, either by raising or lowering the rakes, reversing 
jfts action, or throwing it entirely out of gear, without 
•leaving his post or stopping the machine, while at the 
•aame time the construction is such that it is impossible 
-for the machine itself when onoe set to work out of gear. 
DriOs, (Exhibitors 3, 35, 87, 119, 13d, 142, 149, 233, 
S46.) — ^The earliest method of sowing seed was, without 
doubt, by dispersion from the hand, similar to the broad- 
-cast of the present day. Of this practice mention is 
4Saade in the Bible, as also in the works of several of the 
Jtoman i^cultural writers, where we may also find 
several good practical directions as to the proper mode of 
effecting it. We have^ however, good reasons for believing 
tliat in some countries the application of a machine for 
fK>wing grain was known at a very remote period. In 
Obdha, Ji^an, and Arabia, records exist of such machines 
.having been in use from the earliest periods of their 
{ftdstory. In our own country, so for back as 1638^53, 
^Gabriel Platte (" Jewel House of Nature") describes a 
xude dibblii^ machine, formed of iron pins <' made to play 
up and down like virginal jacks." In 1647 we are told 
•by Harte, that a regular drill machine was presented to 
ihe Court of Spain f and we find that Worledge, in his 

' * This was, no doubt, the 8«me implement of which Evelyn speaks «n 
soeh terasa of eommendation aa having been made by a Genaan. jbr the Spaniih 
Court, where it was seen by the Earl of Sandwich, our Ambassador there, who 
forwarded it to this country as the production of a Spaniard, named Don 
'iieiieati1iLa<«— TroM. Roy. Soe.t vol. V., page 10S6. 
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'< Husbaiidry," published in 1669, Bot only advocated ibt 
use of the seed drill, but also of the drill for equally dis- 
tributing manures. In 173(MO, Jethro lull w^s devotfi^ 
his energies to the introduction of his drill, in order tkitit 
his system of horse-hoe cultivation might be fully earned 
out. His drills appear to have been more comj^oated 
than those which we make use of: they were constructed 
to sow two or more varieties of seeds at a time, depositing 
them at different depths ; they also sowed manures, anit 
had usually attached to them harrows for covering up th^ 
seed sown. Tull's general system of farming, however, 
was not very successful^ and, consequently, even the good 
points in it suffered considerably and met with unde* 
served neglect, for we hear no more notices of improve*- 
ments in drills until about 1782, when Sir J. Anstruther 
exhibited one of his invention at the West of England 
Agricultural Show at Bath, which he had had in constant 
work for the previous eight years. At that time public 
attention seems to have become more ahve to the advan>* 
tages of such machines, as several others, containing such 
improvements as practice from time to time suggested, 
speedily appeared. Although, from this slight sketch of 
the history of the drill, it would appear that machines for 
depositing seed are not a modem invention, still we must 
admit that the machines we see now exhibited, probably 
bear but little resemblance to those which preceded them 
in former times. There are not so many drills exhibited ok 
might have been expected ; but those now submitted to 
our notice, fuUy represent the improvements which have 
recently been made in their arrangements. Of these, al^ 
except 35, appear to be modifications of the same prin- 
ciple, varying to a greater or lesser extent in the arrange^ 
ment of the different details. They are all suitable for 
sowing either com or small seeds, as turnips, &c. ; " and to 
several are attached separate boxes, from which manures 
can be drilled in the same manner and at the same time 
as the seed. 35 (MarshaU) differs much from the others. 
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«9iiis of a more complicated character, and intended to 
&QW krge seed (as grain) and small seed (as grass) at the. 
19111910 time, finishing the work by means of the roller 
witich travels behind, and from which the rotatory power 
IB communicated to the sowing portion of the machine. 
Probably, in the field some difficulties might present them- 
fi^yes to this mode of arrangement. The drills exhibited, 
142 and 283, merit special attention, as, by their satisfac- 
tory performance in the field, they have gained for their 
lespective makers a high and weU-merited reputation. 
In make, they are very much alike — ^their principal points 
»f difference being in the spouts or shoots for delivering 
the seed, and in the arrangement of the steerage. A drill 
may be noticed, which is constructed to deposit seed, and 
also manure in a Hquid form at the same time. This, 
for root cro{)S, turnips, wurzel, &c., where a quick growth 
ia desirable^ is a very valuable machine, as it pre- 
sents the manuring substance in a condition directly 
assimilable by the young plant — ^a matter of great im- 
portance at the particular season when such crops are 
usually sown. 

. The drop drill of Ransome, 124, seems to occupy the 
intermediate place between the drill and the dibble, par- 
•^aking of the characteristics of both operations. In ap- 
pearance it resembles the drill, and consists of a frame 
carried on two large wheels, and having a certain number 
of curved solid skim-pressers in place of the usual coulters. 
These work in the same manner as coulters, and are fol- 
k>wed by the seed depositors, which act independently of 
them, and by a simple motion adapt themselves to any 
mequahties in the land. The arrangement by which the 
seed is deposited in certain quantities and at certain inter- 
vals, is very ingenious, and well worth notice. These may 
be easily regulated with great nicety ; and by changing the 
cups the machine will sow any description of seed. Each 
delivery of seed is caused by a motion transmitted from 
the carrying wheels, so that the delivery commences 
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I}MU$. (Ezbibiton 1^ 90, 22, 57, 124, 130, 140.] 
There are flerenl maohinfie exhibited for the pa gpot m 
of dibbling eeed, aU of which vary much, both in pnn- 
eiple ci actum and outward form, from each otbor. £tt 
al^ the object is the same— to depoait the aeods siii^y 
or in amall numbera in holea made for their leoeption 
at certain regular diatances. In 20, the anaoigement for 
dropping the aeed appears to be simple, 'very ingmioua^ 
and effectiTe, and the dibbles are lees liable to become 
clogged than otheia of a similar form. The frame and 
lever arrangements for working the machine, at fiiafe 
glance strike you as being complicated and heavy: % 
little experience in the field will soon determine thi» 
pointy and probably suggest the necessary alterations. New* 
ington's, 124A9 more closely resembles the forgoing tisaa 
either of the others, and probably was the model on which, 
it was constructed ; the points of difference being in tfa* 
manner in which the seed is dropped into the holes mader 
by the dibbles, and the method of working the machine r 
one is lifted from the ground and advanced by means of 
the lever arrangement; the other requiring the diraoi 
agency of the workman. This is a very efficient machine^ 
and has the recommendation of having been success- 
frdly used for several seasons, and for various crops. 
In 67 and 130, we see machines of a heavier and moie 
compUcated construction, requiring the same amount of 
horses and men to work them as the larger drills. These 
resemble one another in appearance and in the principle 
of their action, the latter being evidently an alteration or 
improvement on the former. They consist of a strong 
wooden frame carried on two wheels, having shafts at- 
tached to it. On the axle are arranged three, four, or 
five large hollow discs, having bosses or dibbles at cez^ 
tain distances on their peripheries ; above the discs are 
fixed the sm^ hoppers in which the seed is placed^ 
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tre, as in 57, or near its circumference, as in 130, from 
wlucby by an ingenious mechanical contnvaQce, it Mfas. 
tiwBWigb the bosses or dibbles, which open as they touch 
thft ground in each revolution, and close again immedi* 
ati^ly thfl^ leave it. In 130 the mechc^cal arrangement 
o^.the bosses is different from 57. The quantity of 
s^^ to be sown, and. the depth of the dibbles, can 
ea^y be regulated, the latter are kept &ee from dirt by 
revolving scrapers of a peculiar form, which work with & 
rotstory motion between each. No. 22 consists of lu 
long frame carried on wheels, frtmi which are susp^Mled 
two parallel rows of dibbles. A yertical motion is coni* 
n^inicated to these by the wheels, their own weight in 
£ftlling being suficient to form the hole for the seed 
which is deposited by them, as they are lifted from the 
gi^und by the next movement. 149 is a smaller machine, 
and on a different principle from any of the others. 
In this, two plain wheels, with common bosses on their^ 
pedpheries, are set in a frame carried on wheels, at 
the hind part of which is fiied the seed-box and drop- 
shoots for depositing it. As the machine moves, the 
bosses form holes into which the drop-shoots, following 
diose behind, deposit the seed, which is at once covered in 
by a small harrow attached to the machine. 

Ploughs. (The ploughs with single wheels, Exhibitors 55, 
77, 106, 217, 266, and 267. Those with ttvo wheels are 27, 
134, 149, 161, 185, 230, 234, 240, 267. The «irt«5»-ploughs 
am 21, 23, 27, 49, 55, 77, 86, 91, 94, 99, 104, 107, 134, 150. 
The 8wJ6o»7-ploughs 21, A2, 109, 124, 127, 128, 134, 160, 216, 
224) — ^The plough is, by common consent, the first and 
most valuable implement in agriculture, and is universally 
acknowledged as the symbol of tillage, receiving in some 
ooimtries almost the same honours as those paid to 
their deities, and in aU that respect and regard to which its 
important uses so justly entitle it. We might, therefore, 
fairly expect, on the present occasion, to see how far the 



demands of the &rmer have been met hj the skill of the 
machinist, and whether the advancing knowledge and iai^ 
proved practice of the agriculturist have led to a mjOre 
correct and economical apphoation of scientific principlesr 
in arriving at the desired end. This expectation will Bot 
be disappointed ; for, in looking round the collection- of 
ploughs exhibited, we may see many which deserve p«rii- 
oular notice, as offering points of great interest to the 
occupier of land; some of the principal of these we will 
endeavour to point out, after we have given a shght sketch 
of the history of the plough up to the present time. 
Perhaps of all the instruments used in agriculture the 
plough has the first claim to antiquity. In the pages of 
the Bible not only is it frequently referred to, but even its 
particular parts are specially named, and many ancient 
monuments in Eastern countries bear testimony to its 
existence and to its outward form. In these days, the 
plough was considered of even higher value than it is with 
us ; and in later days, if we read the beautiful works of the 
Greek and Boman historians, we shall find much that will 
instruct us^ both in the ploughs then in use and thm 
practical appUcation in the field ; even minute points are 
so particularly described and explained as to give good 
evidence of the value they attached to the implement and 
its uses. The Bomans introduced their agriculture into 
western Europe, and for some years their plough was the 
one in general use.* A series of improvements gradually 
effected a great change in its appearance, as we find in our 
early English writers firequent mention made of the 
ploughs, the construction of which is fully described, as 
well as directions for using them ; yet our records wre 
often very conflicting and imsatisfactory, showing, at all 
events, that agricultural practices were local, as in the 
Cotton MSS. we find a description of ploughs with wheels 

* The ploiigh, as described by Viigil, is still to be seen in use in some of the 
Boath-westem provinces of France, where it bears the name of the ** Atalre 
Bomain." 
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in front, and yet in the Harleian MSS., of later date, a 
rade sketch is given of one rivalling in simplicity thd 
EEindu plough. Again, on the Bayeux tapestries (aj>. 
1^66), we have a record of horses drawing ploughs from 
tlieir shoulders, whereas, so late as 1634, an Act passed 
the Irish Legislature to prevent the harnessing of horses 
by the tail to ploughs. Fitzherbert (a.d. 1672), and Wor- 
ledge (a. d. 1677), have chapters on ploughs. The latter de- 
scribes the, probably, first attempt at a subsoil-plough. 
He says, *' An ingenious young fSeirmer in Kent had two 
ploughs fastened together very firmly, by which he 
ploughed two furrows at once, the one under the other, 
and so he ploughed his land 12 to 14 inches deep." It 
appears to have been about the close of the 17th century 
before any great improvements were brought to bear on 
the implement^ and those were seen chiefly in the Low 
CJoimtries, whence they were brought over to this country. 
Blyth speaks of them, and indeed imported some from 
Holland, which he used for some time, and improved 
upon ; and, in the early part of the next century (1730), we 
find a patent taken out for an improved plough, which> 
even to this day, is held in high estimation in some parts of 
Yorkshire and the north of England, where it is known as 
the Eotherham plough. Small, of Berwickshire (aj>. 1763X 
Wilkie, Finlayson, and other well-known agriculturists^ 
then appear as the great improvers. These have been 
succeeded by other makers, who have creditably fulfilled 
the duty bequeathed to them, and have successfully main- 
tained for the plough, by their skill and enterprise, the 
place as the first and most important of all the imple- 
ments on the farm. 

We cannot, in our limited space, attempt even to parti- 
cularise more than the general points of difference between 
the numerous specimens exhibited, so that those who are 
interested in the subject may have some little help towards 
forming an opinion of their relative merits. The principal 
distinction between the ploughs for common purposes is 
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in the py«6ence or absenoe of far&>wheels. The former inre 
teemed wheel-ploughs, the latter &¥diig-iploughs. The 
.wheel'>ploughs are made either with one wheel to run upan 
the land, or with a second wheel (larger than the other), 
to^run in the furrow ; and as these can readily be shifbad, 
ihe plough can be set to any width or depth of furrow .de- 
sired. 

. In Bwvng^ploughs a new application is shown of a plan 
for reducing the friction on the sole of the plough, i>y 
means of a wheel placed at the heel (21, 55, 77). This 
probably would have the desiisd effect, if any plan could 
be devised for preventing the soil from adhering to it^ 
and thus clogging it up. In the ploughs exhibited h^ 
the various makers, it is desirable to pay special atten* 
tion to the form of the beam, and the mode in whieh 
the draught is applied and regulated by means of the 
bridle or hake attached to its extremity. The coulter 
and the share, their shape and method of ac^ustmeirt;, are 
important points in a plough. The mould-board, or tunir 
furrow, upon which the value of the plough so main^ 
depends, is, by common consent, stiU left as an undecided 
question ; so difficult is it to devise a form that shall be 
applicable to aU soils, or even to the varying conditions of 
the same soiL As these two descriptions of ploughs httve 
each of them their advocates, the wheelrploughs being 
chiefly used in the south, and the swing-ploughs in the 
north, it may be well to give a brief summary of their 
comparative advai^tages. 

By the Wheel-plough the work generally is more easily 
performed, and it is done more uniformly both as to depth 
and width of furrow-slice, inasmuch as the wheels, when 
set, serve for gauges. Shallower ploughing can be effected 
by it — a point of importance where the soil is veiy tfain 
and very stony. In some such cases a swing-plough could 
not be held in the ground at alL 

By the 8vnng->phugh, a good ploughman can a^ust his 
farrowHshce by inhering his line of draught, by meoos cH 
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theiifloaglixbridle or hnke, aod he can regulate it (as 'in 
.Nurosfidng ^ fuirow) by the leverage of the handles or slilte. 
He can thus plough across the ridges at an uniform de^tth, 
' snd he o«n work with it on ahnost all soils and in all 
.'i/nBft&erB when ploughing can be attempted. The swing- 
' ij^oogh is simpler in construolion, cheaper in cost, and leas 
•liaiile to get out of order than the wheeUplough. 

Ini;he use of the wheel^plough more judgmerU than tkiU 
18 required, as the whole of 'its working depends on the 
harmonioufl arrangements :of its different parts (thewheetei, 
.draoght, &C.X less depends upon the ploughman, and 
. more upon the implement, than in the swing-plough. Ln 
'ihat imore akiU than judgment is required by the plough- 
man, long practice will only make him master, of it ; but 
HduuL once he has arrived at that pointy he will iprobably 
do his work, under ordinary circumstanees, better than 
with the wheel-plough. 

There a^re a few ploughs exhibited with double mould- 
-boajrds, for ridge-ploughing for root crops : to some a light 
-9X01 or marker is attached, which can be set at any width, 
. thus insuring parallel and equidistant hnes throughout. 

The Subioilrploughs are all powerful implements, and, 
.like the common plough, vary somewhat in shape: 42, 
1'24^ 216, have four wheels, with a long straight beam, to 
-which the subsoiler is fixed, and are made upon Bead's 
fNTinciple ; 21, 100, 224, are without wheels, and are made 
«ip<m Smith of Deanston's principle ; 124 is termed the 
.fiaokheath plough, and the others are modifications of 
«ome of the foregoing. 

The plou^is with shifting mould-boards are termed 
item-rest ploughs, and are found very serviceable in certain 
^sases. These are 21, 28, 94, 143, 150, and 267 : their 
-farms and arrangements differ very much from each other, 
and require some attention from those Hkely to make 
•use of tiiem. 

Some large and powerfiil ploughs may be noticed, for 
.-ttenoking. These resemble the common ploughs in«hape, 

l2 
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the arrangement of their parts Taiying acoording to the 
make of the different exhibitors. (See 15, 42, 124y 109, 
240.) 

We may here perhax>s introduce an implement exM-* 
bited by Laycock (134), which, although dearly notwa 
plough, is intended as a substitute for it^ either in trentih- 
ing or subsoihng. It consists of a stout oblong frame on 
two wheels, with shafts before and handles behind, and 
carrying on its axle, in the centre, a broad iron wheel, on 
the external surface of which are fixed a number of long 
tines or teeth, shghtly curved at their extremities. When 
at work these penetrate and displace the soil in the same 
manner as if it were forked, and the depth can be readily 
regulated. 

We have now to examine another class of ploughs, whidi 
are calculated to aid much in developing the resources of 
the soiL Up to the present time the use of ploughs for 
cutting drains has been very limited, and but httle encou- 
I'agement has been practicsdly offered either by the makevs 
in the shape of improved implements, or by the agricul- 
turists in the use of the existing ones. Those now exhi- 
bited, 198 and 214, have the advantage of having been 
used in their respective districts with some success. 
By the first one, the drain is cut to the required depiiL 
by two operations, the first plough taking out a depth 
of from 15 to 18 inches — the second, or finishing plough, 
following immediately behind it, and taking out another 
12 inches, thus leaving a furrow or drain 30 inches deep. 
The plough has a strong coulter at the off side, firmly 
braced to the beam and to the share, by which one side of 
the drain is cut ; and the mould-board acts as an inclined 
plane, up which the soil is forced and thrown out on the 
surface. The other (214) differs in construction, con- 
sisting of a strong iron frame on wheels, having the 
plough suspended from it. A coulter on each cuts the 
drain the proper shape ; the soil is thrown out on the 
surface by the mould-board, as in No. 198; and an 



:|UTangement exists by wbicli the ploughman can regulate 

^6 depth of working. 

Another draining plough, on an entirely new principle, 
•W9R contrived about two years ago by Mr. Fowler (28a), 

. sBd deserves particular attention, inasmuch as while the 

others merely cut out the soil for the reception of pipes 
or tiles, this plough finishes the entire operation by 
depositing the pipes at any given depth without even dis- 
turbing the surface soil. The machinery consists of two 
distinct parts — ^the frame to which the plough is fixed, 
and the capstan by which the traction is communicated 
to it. The plough is similar in form to the old mole- 
plough — a strong coulter with a plug at the bottom of it, 
fixed vertically in the frame, with an easy arrangement for 
raising or lowering it according to the depth required, or 
any undulations in the surface line. When commencing 
work the capstan is fixed at one end of the field, and the 
plough taken to the other, where a hole is dug of the 
depth of the intended drain, and the coulter and plug 
dropped into it. A rope is then attached to the back of 
the plug, on which are strung the pipes, and motion is 
communicated to the plough frame by a rope passing 
from, the capstan, which is worked by two horses attached 
to the arms or lever& in the usual manner. . The arrange- 
ments for carrying out the details of the operation appear 
to have been carefully considered, and are readily followed, 
80 that a laige amount of work may be got over in the 
course of a day.* 

^ Steam-ploiigh&. (Exhibitors, 123a, 195.)^ — We now 
hare arrived at the last of our series of ploughs, and 
have to consider one of the most important of all the 
Upplications in which steam power has been rendered 

* It is said to be capable of laying in a favourable soil from 6,000 to 7.000 
linear feet of pipes, at a deptli of 3 ft., or 4,000 to 5,000 feet, at a depth of 4 ft. 
Ab important advantage is also claimed, " that all the pipes are laid with an 
accuracy uneqaalled by any hand-work, and that, from the bottom not having 
- been disturbed, tliey are never liable to be displaced by any shrinking or sab- 
^^eneft.** 
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auxiliary to agriculture. 195, exhibited by Lord W!l* 
loughby de Eresby, shows us a set of ploughs worked* 
by a stationary engine; and 123a is a model of Mr. 
Usher's locomotive steam-plough. Our chapter on ploughs^ 
has already exceeded its hmits^ or we should be much.'' 
inclined to venture some opinions as to the past attempts, 
as well as the future means, of arriving at that great 
dfesideratum, "a steam spade.'** Our past experience in 
the shape of steam-ploughs has not been satisfactory or 
encouraging (save negatively) : our present contribution^' 
seem calculated to advance us a Httle on the right road» 
Lord Willoughby's plough has been and is stiBi in use in a 
well-fanned district,' and attached to it will be found a clear 
description of its mode of working. The engine, being- 
moveable and separate, can be used for other purposes, 
and thus ought to act as a great inducement to others to 
thke up the subject^ and give the pubHc the advantage 
of a more extended application, and a more practical con- 
sideration. Mr. Usher*^ locomotive steani-plough pos- 
sesses points of great interest, inasmuoh as it embraced' 
oonditions, which are considered by some of our best 
authorities as essential to success. It is simple in con- 
struction, and' it is locomotive : the power being commu- 
moated by the engine to the revolving ploughs behind, 
which act as propellera to the engine ; and thus the weight 
of the whole machine is brought to bear advantageously 
on its acting parts.. The model exhibited has a fuU' 
description attached, which clearly explains its operation. 
Digging Machines. (Exhibitors 38 a, 105 and 112.)— There 
aora two machines of a novel character exhibited, Nos. 105 < 
(Thompson) and 112 (Parsons), as digging ifiaohines; the- 
former is an implement of large proportions, the latter, only 
a..model4 The former appears as a.laige and very strongly 

^ In the " History of Agriealtare," by CIumdM W* Hockyn*. may be ftmnA' 
achaivfcertm tlie AppUcatioa of Steam Power to tb» purpoMM of the tilk||» 
temert It i» elegantly and foroibly vrritten, and will amply rqpay perusal by 
any one interested in agriculture. 



OQDstnictBd frame, osExiad oil high, wfaeelis^ by whiok tfasr 
motive poxreris oommunicated to ihe woridng parfcs, wlnQfa:: 
are ArraDged at the hind part of the fi*ame. These consist .q£ 
two sets. of cranks, working in two parallel lines, one abova 
the other, to which<are fixed a number of iron spades : thes^ 
when in. motion, are driven into the soil as in digging, and: 
the portion separated by them is received into shoots^ 
fixed on a separate axle, by which' it is turned over and 
left in the track of the machine. There are many points^ 
in the construction of the machine which will, perhaps^ 
strike the practical man as appearing vezy questionable: 
the machine, however, is said to be worked by sevest 
horses^ and then to be capable of representing tiie labour 
of 50 men. The model exhibited in No. 11& di£SMS-'0cmr 
aiderably from. the foregoing: in this a series of spades or 
forks are aU^ched to the hind part of the machine, and^.by; 
an ingenious and yet simple arrangement^ these are mader 
to penetrate the soil, and then, by a feathering action, tOr 
turn over the separated, portion and deposit it as ther 
machine advances. A small model. No. 38A (Murphy), iflir 
also shown of a machine, which is repres^ited as capabia 
of replacing several other implements ; but xi^oh, fromii» 
construction, would appear very doubtM. 

The common agricultural tools exhibited, 269^. are be* 
lieved to.be improvements on those in general use. The 
draining tools, also, 47, 199, and 238, merit examinatiom 
Li 180 may be noticed a new description of scythe which^ 
by a simple and easy arrangement^ can be rendered suit^ 
able either for mowing com, long grass, or the finest lawnsr 

Chums. (Exhibitors 58, 66a, 69, 88, 92, 109, 139a, 180^ 
185, 202, 212, 220, 237, 263, 266, 332.)— These machines^.sor 
important in farm economy, are pretty well repreaentad 
on the present occasion. They comprise specimens of mos<* 
of the various descriptions of chums in general use. G£ 
these, 66a, 69^ 139a, are the old barrel chums ; 109 and 202 
aie in metal, and immersed in a water-bath, so that the 
temperature (a point of great consequence) may be 9^snfB 
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regulated. No. 220 is in metal also, and has two &lse ends, 
in which water may be poured for the same purpose. 
Nosl 88 and 18t) differ from the others by ha\dng vertical 
plungers. Nos. 186, 212, 237, and 266, are square box 
chums: the three first have a horizontal rotatory move- 
ment ; in the last the rotatory movement is vertical, and 
arranged m a novel manner. Many of these deserve parti- 
cular attention ; and as the principle of butter-making is 
now so well understood, a few considerations only are 
necessary to determine their respective values. Milk con- 
tains butter already formed, but divided into very minute 
particles, which are suspended in the mass of the Jiquid, 
The object of churning is so to agitate this mass of Hquid, 
that these globular particles shall be brought into direct 
contact with each other, and thus assume a sohd form as 
butter ; and long practice, as well as theory, has told ua 
that this end is obtained with more or less regularity 
according to the temperature at which the operation 
is conducted. Therefore, we have first to be satisfied as 
to the mechanical arrangements of a chum, and then see 
how far any plan may be devised for regulating the tem- 
perature of its contents. 

Grinding and Crushing MtUSy and Presses, (Exhibitors 
23, 32, 50, 72, 77, 78, 82, 117, 124, 128, 135, 137, 142, 180, 
182, 185, 242, 255, 266.)— The acknowledged advantage that 
results from giving corn in a ground state to feeding cattle, 
in preference to giving it whole, and the difl&culty and in- 
convenience of having to send it to the mill for the pur- 
pose of having it prepared, have led to the introduction of 
small grinding mills adapted for the use of farm establish- 
ments (No. 136). They are mostly made with stones as in 
the common mills, but in some the grinding surfaces are 
both in steel, though varying much in construction from 
each other. Various other mechanical appHances may be 
noticed as having reference to different branches of farm 
economics; such as cheese-presses, and apple or cyder- 
presses or mills which may be seen at 23 and 77; and 
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others of less impc^tanee^ wMch are readily recognised 
among the mass composing the collection. 

Carts and Waggons, (Exhibitors H, 13, 15, 16, 24, 28a, 
H 96, 121, 122, 127, 128, 135, 144, 160, 230, 234^ and 235.) 
• — Of those indispensable auxiliaries to a farm, there is a 
Yery large display, combining all the newest and most 
approved methods of construction, imd illustrating, by 
various mechanical contrivances, the different modios for - 
tilting or tipping, to which so much attention has lately 
been given. The waggons have but. few representatives 
compared with the carts, by which one would perhaps be 
led to imagine that the superior advantages of the latter, 
in most descriptions of farm work^ have become more gene- 
rally appreciated than they used to be. The carts will 
require some attention in order to examine the different 
modes of arranging the draught, the tilting apparatus, and 
other points of interest. In 13, a revolving axle is used 
instead of a fixed one. In 15 and 128, the shafts are 
placed higher, and the bed of the cart is lower, than usiml; 
thus giving two points of advantagor-* straight hne .of 
draught, and a less height to hft the load. In 234, the tail- 
board has a novel arrangement ; and in 121, may be no^ 
ticed a simple method for securing the linchpin. 

Some wheelbarrows, of a novel construction, may bo 
observed in 29 and 36. 

There are several horse wheels, or gearing, exhibited 
chiefly by the same makers as those exhibiting thrashingr 
machines. They may be seen in Nos. 124, 128, 142, 149, 
154, 240, 256. Their general mode of construction is not 
very dissimilar, except in the case of No. 128,* which is an 
admirably-arranged power, and deserves particular attention" 
by those who employ horse-power for their machinery. 

Steaming Apparatus, (266.) — ^The general iise of chaff- 
cutting machines, induced by the great economy of so 
disposing of our hay and straw, and the introduction 
of machines for crushing and for grinding the various 

* This may be seen in motion in Class VI. 

L3 
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knbsioDces uaad for fesding puryt tu mi y in l>o^' eases 
aiding the animal by pnfoimiDg tatiSteaJSjihe first pirc^ 
cess of feedii^^ have, no doub^ conctribuied verj much 
towards the attempt to carry the process stil further by 
steaming or cooking the food; thus representing, to a 
certain extent, the moceorstion which it undergoes previtms 
to digestion and assimilation. When steam-power is vseet, 
the waste steam can, in many cases, eoonomicaDy be 
l^iplied for this p%u«pose; in other cases, an appalpatus fike 
tiikose eidbibitedin 1, 33, 62, 116, 248, or 266, will be fonnd 
very advantageous. In 33^ the steam is used also for the 
purpose of reduoii^ bones instead of grinding them. 

For sheep-di^q^iing or washing both matters of im> 
portance in many districts, there are three different appa- 
ratus exhibited^ 41, 6S, and 152. 

The machines for weighing farm produce, either in the 
vidiape of stock (Eve or dead) or loaded carts, are repre- 
sented by 86, 131, 180, and 266. The value of Hiese 
machines to l^e producer is very great, as they enable 
him to form a &r truer estimate of his operations, both as 
regards his cattle and his crops, than can be arrived at 
by the ordinary means. 

There still remain many other objects worthy of observ- 
atiouy but which hardly call for a special notice. Those 
interested in any of them will readily obtain the informal 
tsott they may require fifom their respective exhibitors or 
makers. 
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CfcAds Vin. — Naval AH Utf i Tiixn^UK B.-— IfajTARY EngI- 

MEKRING. — Gt7NS,'WEAP0ire,&C. 

SntTATiON OF CLiSS 8.-1%^ English department of this Class is 
situated in the Gallery at the extreme Western End, occupying the 
viiole space fram North to South, and extending romd in the SoutJi 
'Gallery from 1 to 4 0. P. Another section of the .same. Class toUl 
7>e fbmd in the South Gallery, on the Eastern side of the Building^ 
ifetween FUlar9 67 emrf 7^ 0. P. 

WEST. 

"l^^j 29omlArehit0etm-e,Armt,M9pi,^ \ 2 

F *i § 1 ^^^*^ ^ Grov^.-^Ttie principftl groups of "Kaval 

«.] ^ ] J&Tdiite<store^ with life-boated kc,, will be foMoid b^ 

*« ° hind the Large Oigan. Boats, and 'vsnoua oMitiivm«BB 

' for fiidlitaiiiig oonstractioii, Bn., «b sea, on MustMki 

It is not poHEdUdy however, to pre may specifio •cTaiigeineiit of 

groi^ps. 

KoTE. — Since the Arms which are exhibited by the different 
iMktions' b»v« thek more i^rSdng ohamcters in common, and aft 
u constant reounenee to -them in the diflto rtf n t Seottons wKmld'bi 
^ectionable, it hasheen thought adtisatiie to dewte «i aiqie^ 
saal Section to the Arms of all Goantries in Had 'Baddba^iaHi 
Theae will be found in the following pkoaB: — Engladi, Souitk- 
West comar of Ghillery, P. I, 2. Frenoh, J., 48. Ameiican,. J| 
73, M., 71. Spanish, J., 43. Portuguese, J., 44. Prussian, F^ 
64, J., 65, 66. Belgium, P., 55. Switzerland, L., 44. TuriL^,^ 
J., 42, and North Transept. India, L,, 35, 36. Jersey, J., 30, 

Sbotion L— Naval Abchitbcturk 

Mo(M8 of Skips cf War. (BxhibitoTS 27, 36, 36a, 7^ 
146, 1^, 186.)— *In the Tmnsept, north of Osier's GhMi 
Fountain, is a model of EM. ship *Queen,' of 116 guns, mk 
"& scale of half an inch to a foot. This model shows th« 
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difference between the fonn of Sir William Symonda'a 
ship and those of the old construction. The ship is fuSky 
rigged. On the stand of this model is exhibited a pieo&* 
of canvas, showing the effect, of a tropical storm on tbfr 
sails of a ship. On the Ground Floor, at the east end of 
Class v., is the model of a 12-gun brig, oa a scale of tiro 
inches to the foot, presenting a peculiar scientific prin- 
ciple, which is supposed by the designer to insure very 
£ist sailing, combined with good stowage for provisions^ 
&c. At the back of the organ, at the West end of Gal- 
leries, are models of H3L ships ' Queen ' (116), ' Van* 
guard ' (80), * Vernon ' (60), ' Hque ' (40), designed by the 
late Surveyor of the Navy, together ¥dth a model of an 
old 46-gun frigate, to show the contrast between the old 
and new plans of constructing ships. 

Against the wall, at the West end of the North Gall^iea, 
wiU be found sectional models, on the scale of a quarter of 
an inch to the foot^ of a 90-gun ship, on two decks, H J!^.S. 
* Phaeton' (50^ * Daring' (12), ' Waterwitch' (10), and the 
< Fox,* with her old and new bow. These models show the 
peculiarity of White's " long bow," which has proved itseif 
to be so much superior to bows constructed on tiie old . 
plan* • Near these axe models of a 50-gun Mgate, and six^ 
models (from a lino-of-battle ship to a cutter), intended to 
ilhntraie a principle advocated by Mr. White, of West 
Gowes, whereby all vessels intended for the same service 
may be built from one design. Facts, which have neve^ 
been contradicted, prove this theory to be sound. The 
ship of the line has been found to make the finest frigate ; 
and though every class of ship has had a separate design, 
it is strikinjg to observe, if they are aU brought t6 the 
same scale, how nearly they resemble each other — proving 
that, if, to oneness of design there be added a fixed mathe* 
matical principle of coustruction, the designs for the 
whole British navy may be contained in a nut^ell. Tbo 
same exhibitor has also models x>f Noah's ark and a trans« 
atlantic steam-vessel on the same scale, in which he en^ 



da^aaxB to show that the kps» of 4^000 yeaars has doniQ 
iiflliiiD^ to improve the proportioms given by the Gveat 
Aisiiitect.df the universe for a -floating body that was to 
eadzi£» the greatest convulsions of the elements the vorld. 
eiier experienced. 

> Against the wall, at the West end of the South GailerieS) 
ara-models of the expefimental brigs , built in 1843,^-*th0 
' f^ing iPish,' by Sir William Symonds ; the ^ Daring/ by 
Whitaol Cowes ; the ^ Mutine/ by Fincham ; the ' Osprey/ 
1^. Hake ; and ' Espiegle^' by the School of Naval Archi< 
tecture. The 'Daring' proved h^^elf^ in the trials of 
sailing^ &e. whijsh took plaoe, to be ihe superior vesseL 
Next to these are sectional models of first-class frigates^ 
designed by Sir William Symonds, the School of Naval 
Architecture, White of Cowes, and the master shipwrights 
of . the several dockyards. Although these vessels show 
great diversity of form, their superiority has not yet been 
decided on, the vessels proving to be so very much alika 
in their sailing and other, quahties. Near these are sec* 
tional models of line-of-battle ships, by the same con- 
stmctors, end two models of dO^gun frigates by the present 
Surveyor of the Navy, which ^e supposed to c<»nbine aU 
tlb»good qualities of the latest and most improred vessels 
of theif dass. 

« On the stand, at the West end of South Galleries, are sed^ 
^onal models of the bow, stem, and midship seeti<ffi of 
RM.ships ' Queen' <116X ' Albion' <90), ' Yauguard* (80^ 
and ' Pique ' (40)» These models show the interior arrange- 
manta of the fittings^ armaments^ &c. Two models of the 
fldifims of first-class Mgates show the advantage the new 
{dan has over the old one for fighting the stem gunst 
Near- these is a model of the ^ Boyal Sovereign' (100)^ built 
alb Woolwich in 1637, the first ship ever ccmstructed on 
amntific principles, and coiatiasted with this a model, in 
oak, of a Roman war galley, and one of the ' Henry Qnuse 
de Diev^ commonly called the *■ Great Harry,' boilt in the 
Txaga of Henry VIEL Fsraviousljr to l^e building of this 
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wkip tile ^Soveieign' wm oonndeied the Ittigest in Bo^ 
vope. In 1512 «n engigeiiMnt took plaee off the m § ai 
ci ftitanny between tiie SbgUeh end Frenoh fleets. The 
iMgeet ship in Hie Flrendi navy, the ^ GordeBer,* • en g see fl 
the ' Sovereign.* They were grappled together in action^ 
^tAueai the * Oordefier ' became enveloped in -flames, wfakh 
wiere^seon oomnranieated to the English ship. The result 
ti«8 that they both blew np^ and the oatastrophe stniok 
the beliolders with such terror that the action was sadv 
deniy terminated. In oonseqaence of this loss, the ffewy 
Ormee de JHeu was built by Older of Benry V IIL 6fa» 
is asid to have cost nearly 11,000{. ; and, as -stated hf 
Mr. Pepys, her burthen was 1,500 tons. 

At the West end of the North Galleiy wiQ be foimd<tfa» 
model of a hasavy-armed IS^gna cutter, made from pieooa 
ef woods tafaen £rom old and celebrated men^o^war (via^ 
^Victory,' ^Temeraire,* 'Alexander, * Captain, < NamOTi.' 
te.). Kear liiese is a model of an IS^gmi brig, with mie* 
^anifid apparatus for the application of the oatenaiiaD 
eorve to the lines of ships. 

asrew SaUpt and Steamers. (Exhibitors 30, 36, 38, 41, 
67, 81, 130, 185, 143, 146, 149, 163, 171, 173, 175.)--Agai»it 
tin wall, at the West end of the fiouth Galleries, wiU 
be found sectional models (on the scale of a quarter of 
aa iacL to a foot) of the ' St. Jean d*Aoi«* (100), 'Aga- 
memnon* (90), ^Imperieuse* (50), < Arrogant (46): the 
first frigate built for auxiliary steam power, oonstructed m 
1844, by the adviee of the Right Hon. Sidney Herbert, than 
Secretary of the Admiralty. < Tribune' (30), ' Cruiser* 
<16), 'Archer' (14), and 'Beynard' (10): these vessels 
are.titted with screw propellers, and so eonstmoted that 
their engines, &c. do not interfere with their armament ; 
and aE that have been tried have proved themselves to be 
perfieot men-of»war without the aid of steam power, and 
have answered remarkaMy well when working under steam 
and sails 'combined. 
. laautenant Labrauase, of the Franch navy^ has furnished 



« vevj adTnhmhto ceport.oa the eompaf»Uve. aihraftfaigea ^ 
ABTifw propulsion, from whick we extract the followmg : — > 

*^ The use of the screw as a means of peopukictt, wi te 
fimn. diminiBhing a ship's sailing qualities ; it ii^ oa the 
ooatnuy, capable of. adding to the cartainties o£ naaviga^ 
iion ; and the'advantages of its applioatioii to - ship^ of tk# 
]ine become so inoontestable, and so atxsldng^ even to p^'* 
MaDS not aoquainted with steam navigation^ that it seemA 
useless to enumerate them. Let us imagine two sh^HS 
together, ooe ui^ng the sorew, and the other sails— what 
mequality will there not be between these two ships, one 
•of which will be able to move about the other in aJl dizao* 
tioDSy with at least the common velocity of a ship («t the 
tune and with the sails in action), without anything being 
Me to alter her moving power^whilst tiie other can oaiy 
more in certam directions by Uhe help of saU% whidn aie 
wholly exposed to the enemy's shot 1". 

The use of the screw for prop^dling vesseto was first 
suggested, if not acted on, in France in 1730. The oeii' 
triyance was that of M. Duguet, and its apphcation was to 
^braw vessels up a river against a ounent* In 1768, M« 
PSEUicton advocated the use of ^ the pterophore" to mave 
boats instead of the oar. Th» pteropk^re being an iastra-' 
ment composed of a circumvolution of a hehoal blade about 
a cylinder, the radii in. this blade being at right an^^ to 
the axis. In 1785, Joseph Bramah patented the acceWt 
*^ for the x>urpose of rowing or forcing ships and other 
V0B6^ in cahn weather." This was followed, by: other 
patents — ^by Mr. Littleton, in 1794 ; by Mr. Shorter, in 
1600; in 1815, by Trevethiok, of Camborne in GomwalV 
fiMr a fixed screw propeller to work in a cylinder ; and* in 
1616, by MiUington, for a propeller similar to a «Enofce- 
jade, to be placed abaft the rudder, and to be worked l^ s 
universal joint. In 1832 Mr. Bennett WoodcaDoffa dbtainsd 
a patent for a ^ revolving spiral paddle," and Gaptaiir 
Ericson and Mr. Francis Smith patented t^eir mode ia 
1836. Since' that time the progress of the intn>dttoti<Mi of 



tile mode of screw propulsion has' been rapid, and, as aii 
auxiliary po^er, it is now applied in nitmerous ships wKero 
ispeed is required. 

Here is also a nK>del of H.M. steam-frigate * Terrible,* 
of e004ior8e power, designed by Oliver Lang of Woolwich ; ' 
wbich vessel has proved herself to be one of the mOat 
efficient paddle-wheel war steamers of the day. Arranged ' 
here are several models of H.M. iron screw steam-vessel . 

< Fairy,' buih by Mare of Blackwall ; of the * Jupiter,' 
Qravesend steamer ; of the iron steam-yacht ' Peterhoff,* 
built for the Emperor of Russia, and a model of the 
paddle-box of a steamer of 600-horse power, illustrating 
a plan for shipping and unshipping paddle-box boats ; 
together with models of H.M. yachts * Victoria and Albert,* 
' Fairy,' and * Elfin,' and several other steam-vessels, which 
are only remarkable for the beautiful manner in which the 
models are executed. 

On the West Wall, at the end of the South Galleries, are 
models of war, river, sea-going, and coasting steamers, . 
showing the improvements made in steam-ship building 
since 1813; the steamnship *Vladimere,' built by Ditch- 
bum for the Emperor of Russia; the steam-packed 

< Wonder,' and H.M. screw steam-vessel 'Sharpshooter,' 
also, by the same exhibitor, the mode of a wrought-iron 
caisson, to supersede the entrance gates to the new docks 
at Woolwich. 

At the same place will be seen the model of a steam- 
vessel for a tug or passengers, the first ever used on the 
Danube; the model of the 'Termagant,' screw steam- 
vessel, of 620 horse-power; and the 'Amphion,' auxiliary ' 
screw steam-ship, with White's bow. The model of a sail- 
ing vessel, with auxiliary screw propeller, to be worked by 
the men on board instead of by steam power, is curious 
as a return to the old patent of Shorter, who proposed to' 
work his screw by means of a capstan. Attention should 
be turned to a patent canal or river steam-tug, for hauling 
vessels on canals, baving neither paddle-wheels nor screw- 
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propeller, being worked with a doable keel and a well or 
trough between the keels, which may be closed at the top 
or bottom, or both, to form a hollow chamber or tube 
inclined from the centre to the bottom at each end. 
Across this well at the centre are two wooden wheels, one 
drer the other, which are driven by the steam-engine. 
Along the bottom of the canal or river a flexible iron band 
or rsul is laid about 21 inches wide by Jth of an inoh 
thick : this band being raised up into the well, and laid 
between the two wheels, the upper wheel is screwed down, 
and it becomes tightly compressed between them ; as 
these two wheels revolve the band is drawn rapidly 
tljirough them from stem to stem, when.it again sinks to 
the bottonu 

Here are also models of the steam-ship ^Vassitei 
Tigaret,' built for the Turkish Government by White of 
West Cowes ; the design for the first transatlantic steam- 
ship ; a design for an ocean steam-ship of 3,000 tons, and 
the steam-ships ^Vectis' and * Medina,' built for the 
Peninsular and Oriental Company, and for numerous other 
0crew and steam-ships of large tonnage. 

On the Stand, at the end of the North Gallery, will be 
found the model of an improved steam-vessel, intended by 
the designer to possess all the quahties desirable in a good 
sea-boat, and for carrying weight at an increased speed. 
Models of fan propellers, variously applied, and the model 
of an improved first-class sea-going steam-ship. 

In the Foreign South Gallery is the model of a steam- 
vessel with some novel arrangements in propelling, &o. 
To the engine shaft is attached a wheel working in a 
water-tight case, to which water is supplied, and from 
which it is allowed to escape by a pipe terminated by a 
no2zle on either side of the ship, which by universal joints 
can be raised or depressed to any angle, directed back- 
wards, forwards, or downwards, simultaneously or altmv 
nately, thereby giving a greater or less speed to the ship, 
or causing her to remain stationary. A model of the 
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stem of a vesBe], with.a new propelkraiid moBfameac^tte 
Offaject being to obtain a mare direct Eeaction^leaa fiiip^ 
and gzeater- velooii^ of stroke ; and a model of a n<smf'fit$n 
fiir paddle-wlieelB for steam-veBseis by vibrating flanohwfc 

rooft^a (E^bitora 30, 33, 35^ 36, 57, 1^.)--At ths end 
of tiie> GaUanee are seyeral beautiful models of the 'Yaio^ 
torn and Albeity' < Fairy,' and 'Elfin,' Boyal jachte^ bgi 
diffiarent exhibitors, remarkable for the manner inwhidh 
they are executed. A model of a schooner yacht in a 
oradle, showing- a new method of launching by Mr. Feake^ 
of Wtwlwidi Yard. The model of a schooner yacht wilii 
stoim sails* The model of a yaoht^ said to be the fastest 
ever built in Sootiland. Model of the 'Laverock,' 'Con«> 
stance,' and the Emperor of Russia's schooner yacht 'Queoi 
Victoria,' built by White, of Cowes. A modei of a yacdit, 
dfifi^gned by Oapt; Ellis, B.K, with a sliding keel to enable 
her to go up shallow rivers and over bar hadt>ourB,.wxth<a 
method of suddenly lowering the mast to a level with the 
deck in a gale of wind, and a projecting bow whidi tends 
to keep the vessel up in a sea<-way. Half-models of ^e 
Plymouth yachts 'Pixey,' and 'Halcyon,' exhibited fbs 
thieir asserted great speed and weatherly qualities, and 
numerous other wood and iron yachts by difierent ex* 
hibitors. 

The models of vessels be^nging to the Boyal. Thames 
Yacht Club are in a case over the staircase of the North 
Galleries (Pillars 8 and 9) : the case contains numeiBiiS 
and^weU-finished models of wood and iron yachts, distan- 
goished for their speed: 

In the South Foreign Gallery (Pillar M. 68) is a model 
on a large scale of Mr. GhpeviUe's brig yacht .^ Anonymay' 
with fi^parsi and' sails complete. 

Mercha/ttt ShipB. (Exhibitors 36a, 37, 56, 131, 134, 141^ 
1^3, 160, 304^ 3Q7.)---The models in this class consist^o£ 
merchant ships of 2,500' tons, by White, of West Cowsb^ 
also of a ship's hull of parabolical form. (37), and haJ£^ 
models of several of the ships of Messrs* Wigram and 



Ifeoney. The model of aman^ant firignteof 1,39ft totu^ 
he|k»giBg to Messrs. Smith, of NewoaBtl6mpon*>I^Kiie^ 
shmviiig- the ooimtniotioii of an East India dixgt on the^ 
most i^ppoved form, oombining great spaed with. amp]»( 
csapftoitj for stowage and gneat oonyemence for panengers: 
(seale i inoh to I foot), is instructive, aa is that of the^ 
H>wen Glendower,' East Indiaina% built at BladbwaU, aodi 
the-model of a olipper schooner, coti^lete,. andtin woridngt 
<n*der. The model of one of Lindsay andCo/s^Une of ships/ 
to d^lcutta, of 8()0 tons, that of the huU of a merohaotr 
ship of 867 tons, O. M., btdlt according to liie rQgalation» 
of Lloyd'S, and the skeleton model of a ship|. shovnng^tfaor 
mode of fastening merchant-ship's timbers ;. and' a mep« 
chant ship, with diagonal frame timbers, of a ship with as- 
serted improvements, and one of a merchant veasaliof thdi 
finst class, to rank A, 1 at Lloyd's, fitted with Hug^bMis^a new- 
windlass and steering s^paratus, show the numerous imi- 
provements which have been made lately in the oonstruot^ 
tion of British mezohant ships, within oomparaifaiv^y a fbw 



LiJMoats. (Ezhibitor»4, 5, 9^ 14, 16^ 17, 20, 21, 2^ 23, 25^ 
40, 45, 46, 47, 49, 60, 51, 53, 54, 54a, 55, 60, 82^ 83, 91, 100;. 
10^ 136, 136a, 137, 138, 151, 157, 169a, 190, 197, 290f 3«9^ 
312, 322, 323, 324, 335.)— The models of life-boatsexhibitedb' 
ease very numerous, and are distributed over that whole ot. 
this class: ih.e most remarkable are those from tha^ 
Ifortbumberland Life-boat Committee, consJHtingof'modals: 
of life4)oatB competing for the prize : these are all arrangad 
on a stand at the back of the Great Organ at the West end^ 
of the Building. It would take too much room to^ enter ^ 
into the peculiarities of each separate boat ; but araongstr. 
the most remarkable of those exhibited will, be fovmd a- 
patent collapsible life-boat (104), ihe object of whicdr is to- 
enable emigrant ships and aU vessels carrying passengers: 
toiake to sea enough boats for any emeigenoy without^ 
crowding the decks ; it is always ready for use, /rapped^ to* 
under the davits, and projects very little frvm tlie ddp's 
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bulwurks (not more than two feet for the largest boat ev^ 
carried) : the expansion is effected instantaneously hf 
easting off the gasketts, when the boat flies out and open 
at the same moment, taking a large volume of air into its 
lore-and-aft compartments. The advantages are stated to 
be immense buoyancy and stowage, greater strength ia 
some respects than many other boats, impossibility of 
sinking, and they are said to possess extraordinary quafities 
under sail, being extremely stiff and weatherly. The general 
principle of insuring floatation under all circumstances, is 
earried out under difierent conditions in all ; we have, there- 
lore, only to direct attention to a few of the most novel 
arrangements. 

The model (23) is fitted with air-tight compartments, 
cdx at each side, and one internally, all independent of 
each other ; if capsized, she forms the same boat when 
turned upside down ; is very swiffc> easy of draughty and 
inexpensive to construct. 

The self-acting life-boat (81) is calculated to right herself 
iromediately with the crew lashed to her thwarts, in the 
event of her being upset, without the assistance of any 
additional weight or ballast. 

The model of the eclipse or standard life-boat (60), is said 
to possess the following recommendations: it is econo- 
mically constructed, possessing in its formation great 
strength and durability ; it is very buoyant, and frees 
itself instantly of all water shipped, and will keep its 
position upright in the heaviest sea ; it is formed of 
diagonal battens, laid similar to that of lattice-work, and 
its outer sheathing is formed of gutta percha ; its buoya&cy 
is 350 cubic feet of air, capable of sustaining upwards <0f 
9| tons ; at the stem and stem, and on each beam.and 
quarter, is run a bow to which is attached galvanised 
springs, which it is thought will be found of the greatest 
utility in teases of collision, as it acts similarly to railway 
buffraiB. 

The catamaran, or life-float (13), is composed of water* 
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proof canvas cylindrical cases, filled with bedding, provi* 
sionSy &c, which would prove of great utility to the crew 
of a shipwrecked vesseL 

49 is the model of a life-boat fitted with numerous' celb 
composed of gutta percha of peculiar forms ; it is not 
easily capsized, and when turned bodUy over, rights itself 
immediately ; it rows or sails equally well both ways, and 
steers with oars or rudder. 

Another model (54) righting herself imder all circam- 
stances, without the aid of an iron keel or dead-weight of 
any kind ; and one 30 feet long, 8 feet beam, and 3 feet 
deep, which is said to be capable of saving the hves of 300 
people, and to be perfectly manageable when full of water 
and persons ; with a third (136), which when full of water 
will empty itself in the short time of four seconds by 
means of two apertures in the bottom, merit attention for 
tile ingenuity displayed in their construction. A smaE 
pattern life-boat, clinker built, fitted with air-tight ceiling, 
feathered and grooved up to her gunwales, having a well 
holding 44 gallons of water for baUast ; and a deck-seab 
ccmvertible into a life-raft^ &c^ should be inspected. 

In this Class wiU also be found South Shields life-boats 
(Ground Floor, at the East end of Class Y.), completely 
fitted with sails, &c. ; the life-preserving apparatus of the 
Boyal Hmnane Society ; Ufe-boat, and specimens of gold 
and silver medals, firom the National Institution for the 
Preservation of Life from Shipwreck ; patent floats, orMfe- 
preservers ; grapnel shot to assist in hauling off Hfe-boats ; 
models of a floating buoyant settee for the deck of pas- 
nec^er steamers ; a portable raft for the preservation of life 
from shipwreck ; and various articles connected with hfe- 
boats and the preservation of life at sea — ^which well deserve 
strict examination and attention. 

Boats. (Exhibitors 5, 146, 167, 168, 169, 185, 178.)— In 
the Western Main Avenue will be found a beautiful model 
of the state barge of the Lord Mayor of London. At the 
West end of the Galleries (146) are models of the Admi- 



•onbUi^ bofge ; boats for ships of war, ham a kanoh to:iii& 
vitiogj.; >the .modfilof a dO-feet galley, from Itichard ^E^ 
ginza, of Falmouth ; and a model of :a yacht's boot MM. 
^th light's patent buoyancy materiaL In the spaoe on 
ttihfi £^round Floor, at the end of Class Y^ is a gomiing ptiaA, 
miih water-tight bulk-^heads, for wild-fowl shooting on iA» 
iiMmsk ; and in the Foreign South Gallery, a raciiig-bcntt 
{167) built of mahogany and maple ; a boat (168) built of 
VDod, coated on both sides with a compound of gutta 
pareha and Jndia rubber ; a Xondon outrigger seulhng^ 
;boat (178) for racing, the body in one plank from stem to 
stem ; the model of an eight^oared shallop, with awnings ; 
land the model of a contrivance for packing wager-boats. 

Mshmg^hoats, (Exhibitors 196, 148, 316, Okss VUL ; 
165, Okas' XXIX.)— At the West end of the Gfalleries oe 
■Tnodftls of the new Mevagissey drift and fishing boats^ a&d 
•of a Falmouth river barge, made by B. Treginza. in 
the Ferdgn South GhiUeries is the model of a St. Ives drift 
ifishing-boat ; and in Glass XXIX., space at West end of 
oFcreign North Galleries, are models of a Hastings fishing- 
lugger, a Bsterhead herring fishing-boat, a screw propdkr 
fishing-boat, a Deal lu^er, and Cornish fi^sin^boats, 
^4»gether vrith 'models of their nets, gear, &c. 

There is also in the West end of the Gcdleries the model 
^f a Bamsgate lugger, used at that place to reader assist- 
ance to vessels in distress ; and the model of a Sundeor- 
land pilot coble, with its oars, sails, and ether appoint- 
ments. 

From an examination of these, a very perfect idea will 
4>e obtained of the pecuharities in structure of the fishings 
boats around different parts of our coast. Most of these 
have been adopted, after many years of severe trial, expe- 
rience having indicated the best conditions for the purposes 
i» which the boats are apphed in the various localitiee. 

8h£p4n*ilding Contrivances, &c, (Exhibitors 18, 52, 65, 8^, 
156, aeO, 165, 176, 296, 334.) 

In the North Gallery is a model of Morton's patent slip 



/far hauliDg iq> ships for ^xepnxsB, beiaig a oheap subdtiiiite 
for a dry dock. Before thk s^jnertem was adopted, the eodt 
(of hauling [Up .a ifiOOitou ship for repairs was 1701. ; it is 
iKBdiiioed bythis pku to 32. Near this is the model of ^a 
^fkkm of Captain Sir S. Brown's for hauling up on dry 
iaadthe ships in ordinary belonging io "the Noi^y, said by 
him to be a better means of preserving them &om dry rot, 
»&c., than the measures at present adopted. 

In the apace at the West end of the Galleries -is a model 
v(2d6) of a proposed preservative dry dook for the BoyiA 
-Navy, for laying up ships of. all classes dry without difih 
mantling them, or removing their imachineiy, &c..; for 
examinii^, repairing, or^refitting ships.; and for selecting 
t&om the reserve for commission with certainty, and with 
'the greatest despatch and eoonon^y ; also for building 
ehips seasoned and dry, and for laying up ships in frame 
^r seasoning. 

The miscellaneous character of this section of the Glass 
^will be best seen by the following selected list : — 

A 'model (160) of the frame of a South Sea whaling ship 
•(scale quarter of an inch to a foot), showing the mode* of 
£su9tening the beams, &c., of vessels engaged in the whale 
fisheries. A built model of the barque 'Ealing Grove' 
(165), on a scale of one-third of an inch to a foot, one side 
being left open to show the construction and fastenings of 
•the interior arrangements. The model of a brigantine, 
fitted with Colegrave's anchor, cable, and lanyard springs. 
A model (IS) showing the mode of fitting Rapson's slide- 
tiller to ships of war and merchant vessels. Models of 
ships, temporary rudders (166), showing also a plan foi- 
wearing a ship without a rudder. A portable ship-launch- 
ing apparatus, for launching ships which have been 
stranded, where the ordinary mode cannot be adopted. 
InvMited by Mr. Wark, of Waterford. White's heaving- 
up sHps, with recent improvements. 

Model of truss-work introduced by Sir Robert Seppings 
for the internal fastenmgs of ships, and on the same 
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nttf bwge ; boats for ships of wsr, 6am a kanoik toilie 
vdiiigy ; the modol of a dO-fset galley, £rom Biohaid "&»- 
llinza, of Falmouth ; and a model of a yaolit's boot fiitad 
^rith Life's patent bmiyancy matenaL In the spaoe oft 
itbe Qroimd Floor, at the end of Class Y^ is a gnnning 
with water-tight bulk-heads, for wild-fowl shooting en 
'4Mast ; and in the Foreign South Gallery, a racing-borifc 
(167) built of mahogany and maple ; a boot (168) bcdlt ^ 
wioed, coated on both sides with a compound of gutta 
paroha and India rubber ; a London outrigger scuSing- 
boat (178) for racing, the body in one plank from stem to 
atom ; the model of an eight-oared shallop, with awnings ; 
«nd the model of a contrivance for packing wager-boats. 
FUUng^boaU. (Exhibitors 196, 148, 316, Glass VIIL ; 

165, Class' XXIX.>~At the West end of the Galleries mre 
iHodels of the new Mevagissey drifb and fishing boats, and 
•of a Falmouth river barge, made by B. Tregmsa. in 
the Foreign South GktUeries is the model of a St. Ives drift 
firiiiag-boat ; and in Class XXIX., space ofc West end of 
.Feveign North Galleries, are models of a Hastings fishing- 
lugger, a Peteriiead herring fishing-boat^ a screw propeiler 
fishing-boat, a Deal lugger, and Cornish fishingrboats, 
together with models of their nets, gear, &c. 

There is also in the West end of the Gcdleries the model 
4>f a Bamsgate lugger, used at that place to render assiat- 
aaoe to vessels in distress ; and the model of* a Sunder- 
land pilot coble, with its oars, sails, and ether appoint- 
ments. 

From on examination of these, a very perfect idea wiD 
h% obtamed of the peculiarities in struoture of the fishings 
boats around dijfferent parts of our coast. Most of these 
have been adopted, after many years of severe trial, expe- 
rience having indicated the best condilions for the purposes 
to which the boats are applied in the various localities. 

Ship^Uding Contrivances, Ac, (Exhibitors 18, 62, 85, 9%, 

166, aeo, 166, 176, 298, 334.) 

in the North GJaUery is a model of Morton's patent slip 



daac hantingiup shipB for ixepniRi^ being a cheap sdbdtitute 
for a dry dock. Before thin eystem was adopted, the eodt 

(of bfrttliBg tup .a tfiOO^on ship for cepaivB was 170Z. ; it is 

nadiiced by^this plan to 3Z. Near this is the model of -a 

^pikm of Oaptam Sir S. Brown's for hauling up on dry 

Jaadihe ships in ordinary belonging io '^e Navy, said by 
him to be a better means of preserving them from dry rot, 

»&c., than the measures at present adopted. 

In the spaoe at the West end of the GaJleries is a model 

'^296) of a proposed preservative dry dock for the Eoyitl 

■Navy, ibr laying up ships of. all classes dry without. 'dis- 
msmtling th^n, or removing their ^machinery, &c..; for 
examining, repairing, or ^refitting ships:; and for seleoting 

(&om the reserve for commission with certainty, and with 

^he greatest despatch and economy ; also for building 
ehips seasoned and dry, and for laying up ships in frame 

*4k>T seasoning. 

The miscellaneous character of this section of the Gkss 

^will be best seen by the following selected list : — 

A 'model (160) of the frame of a South Sea whaHng ship 

•(scale quarter of an inch to a foot), showing the mode of 
fetstening the beams, &c., of vessels engaged in the whale 
fisheirieB. A built model of the barque * Ealing Grove' 

•(13&), on a scale of ono-third of an inch to a foot, one side 
being left open to show the construction and &stenings of 
the interior arrangements. The model of a brigantine, 
fitted with Colegrave's anchor, cable, and lanyard springs. 
A model (18) showing the mode of fitting Eapson's slide- 

'tiller to ships of war and merchant vessels. Models of 
ships, temporary rudders (156), showing also a plan for 
wearing a ship without a rudder, A portable ship-launch- 
ing apparatus, for launching ships which have been 
stranded, where the ordinary mode cannot be adopted, 

'Invented by Mr. Wark, of Waterford. White's heaving- 
up sHps, with recent improvements. 

Model of truss-work introduced by Sir Robert Seppings 
for the internal fastenings of ships, and on the same 
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the centre, to admit the valve, which is opened or closed 
by means of a screw attached to it ; this, being a fixture, 
eamiot be lost, as the plugs at present too frequently are. 
(68.) Brass registered sidenscattles, for light and ventikb^ 
tion of ships, and a safety-plate to cover the aperture of a 
ship's scuttle (69), instead of the whole of the scuttle being 
covered with lead or wood, is an external plate, put on 
from the inside, making it a compact body of brass ; is said 
to save the expense of the usual way of covering, by nail- 
ing, and not to injure the ship's side ; — ^i^is mode lasting till 
the scuttle is worn out, and it makes the scuttle safe, in 
case of a storm, in one minute, preventing any great in- 
rush of water. (74.) Is a model showing a proposed method 
of lowering a ship's boat with speed and safety, in case of 
accident, preventing one end of the boat going down quickCTT 
than the other ; a man in the boat can lower her into the 
water, or raise her to the level of the deck, by pulling a 
single rope.' We have here also a model of a plan (76) for 
the correct measurement of tonnage of ships, &c. ; (77) 
and a method for reefing Hie paddle-wheels of steamers. 
(78.) A patent copper powder-barrel, is said to preserve 
gunpowder in perfect safety against damp or fire. Among 
the varieties are a marine swing table (80) ; a bell buoy, 
for warning vessels of danger (88) ; models (89) of a fen- 
propeller, variously applied ; (90) Prince Albert's mirror, 
upon a nautical adjustment ; universal rowlocks, boats^ 
safety-reel, mast-clamp, gun-elevator, &c. ; (92) improved 
rudder fastenings, which can be refitted on board ; (98) a 
patent windlass to raise ships' anchors ; (101) patent ships' 
sheathing-metal and fastenings ; (103) brass um-shaped 
binnacle, of entirely new construction, with newly-invented 
compass ; and (104) a patent perpetual log, for indicating 
the speed and leeway of ships ; (106) a bronze binnacle, 
with compass, designed from the 'Water-lily.' An improved 
ship's binnacle (106), with reflecting lamp, which can be 
used as a signal-light ; (111) a boat binnacle, containing 
compass and lamp ; and (113) a fog safety-light for shore 
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and ship signals ; (120) registered tnarme signal-ligkt, 
wMcli yields a light equal to a blae light — ^are of another 
order of ingenioiis designs. (114.) A model of a wuidlfles 
and capstan, fitted vriih. Johnstone's patent double-addon 
Ifin^er-purchase ; another of a ship's capstan and rim, er 
43able-holder, and Qryll's patent whelps ; (115) improved 
tfteering-wheel, to prevent accid^its at sea ; (110) model of 
improved ship's capstan ; (117) patent pillar and serene 
apparatus for preventing ships from hogging, and for re- 
storing hogged ships to their original shear. Hedging 
may be explained, to those unversed in ncEutical tenxts, as 
meaning a bending of the keel out of the straight line. 
(150.) The models, illustrative of the system of lightning- 
<3onductors employed in Her Majesty's ships, require some 
description which cannot be better given than in Sir 
W. Snow Harris's own words : " In order to arm a fabric 
effectually against the effects of lightning, the conductors 
ought, in the first place, to be of metal, but as metals vary 
greatly in their conducting power, one of the best ocmeh 
ducting metals ought to be selected. For this purpose 
eopper has many advantages over any other metal. In the 
second place, to prevent the possibility of fusion, the con- 
ductor ought to be capacious. Now it has been found 
that a copper rod, three-quarters of an inch in diameter, 
or an equal quantity of copper, under any form, is capable 
of resisting the heating effect of any discharge of lightning 
whose effects have hitherto been recorded. Thirdly, the 
conductor should consist of several branches, with pointed 
rods projecting freely into the air, from distant summits of 
the building, and connected by horizontal branches passing 
along the ridges of rooJBs, and firom these sending off other 
branches to the ground. AU great masses of metal occur- 
ring near the conductor should be bound up with it, and 
all the terminating branches should be connected with a 
spring of water, a drain, or some other conducting channel. 
In a ship, each mast should have its own capacious con- 
ductor permanently fixed and connected, with bands of 

m2 
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copper passing through the sides of the ship, under the 
deck-beams^ and with laige bolts leading through the keels 
and keelson, and including, by other connections, all the 
principal metallic masses employed in the construction of 
the hulL Under such a system, a discharge of lightning fal- 
ling on a house, or a ship, finds its way to the earth or the sea, 
without the possibility of danger. The great principle in 
applying such conductor, is to place the ship or building 
in the same electrical condition it would assume supposing 
the whole were a solid mass of metal, or as nearly as may 
be, and the conductor should be applied, so that a dis- 
charge of lightning falling on the general mass cannot 
enter upon any circuit of which the conductor does not 
form a part." (188.) Specimens of patent marine-glue, show- 
ing its utility in naval architecture, and its durability and 
cleanliness, are exhibited (end of Class F., Crround Floor), 
(291.) Model of lanyard-plates, to set up the standing rig- 
ging of ships in lieu of rope lanyards and dead eyes, and 
of masting-shears (318), capable of lifting a boiler of 20 
tons, adapted to put masts into ships, are ingenious. 327 
is a new method of laimching the long-boat of a merchant 
vessel ; and in Class YII. (No. 10), the models of chain and 
twisted cables, and of a metal light-house, appear to com- 
plete this section. 

Section 2. — Guns, "Weapons, &c., op all Nations. 

The natural instinct of man has led him in all ages and 
in all coimtries to give the highest possible degree of per- 
fection to his weapons of 'offence and defence, and to 
lavish on them all the ornament which the state of art at 
the period could command ; thus the skill which has been 
displayed in the manufacture of the arms of any people has 
been made one of the tests of the degree of civilization to 
which they have arrived. If we refer back through his- 
tory, taking our own, as we might any other civilized 
nation, as an example, we learn that 1,800 years ago the 
inhabitants of this country were in a rude and barbarous 
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state ; that they went about nearly naked, with their 
bodies painted and tsCttooed like the savage nations of the 
present day ; their arms the club, the stone hatchet, the 
spear, and the bpw with its flint-headed arrow, like those 
of the New iZealander, the AustraUan, or African savage. 

The rude figure of the Red Indian in the Atnerican 
division of the Exhibition, with hia bow and arrows and 
paint and tattooing, may be considered as representing 
man in his savage state whenever or wherever he has been 
found. 

In the coats of mail, the helmets, the battle-axes, the 
spear, the sword, the cross-bow, and the matchlock of the 
Indian collection we see examples of arms similar to those 
used in this country 400 years ago. 

Cross-hows were intiwduced into England in 1100, in the 
time of Henry I., and archers were embodied in the 
English army up to the time of Cromwell in 1650. 

Gunpowder was invented at a very early period either 
by the Chinese or Arabians : its composition and effects 
were described by Friar Bacon in 1270, but it was not made 
in this country till the reign of Ehzabeth, in 1550, before 
which it was imported from abroad. The best gunpowder 
is composed of nitre 76 parts, charcoal 15, sulphur 10 — 100. 

Cannon, described by John Barbour as " crakys of war," 
were used by Edward III. at the siege of Aberdeen, in 1327, 
and also by him at the battle of Cressy, in 1346, but were 
not made in England till the reign of Henry VIII. in 1521. 

Match-locks were introduced into England in 1471, by 
Edward IV., under the name of " hange-gunnes," and were 
fired from rests. 

Flint-locJcs, or fire-locks, under the name of "Snap- 
haunces," were substituted for the matchlock by WiUiam 
III. 150 years ago, about which time all the armour used 
by the soldiers was sent to the Tower, excepting some 
helmets and cuirasses for the artillery. 

The Percifssion-lock is the invention of the present time ; 
and although it may be said to have nearly superseded the 
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flioi lock in this coimtxy, a yast quantity of mnskets with 
flint locks are still made here, in Belgium, and other places, 
for exportation to America and Africa, and other parts of 
the world, many specimens of which are in the Exhibition. 

The detonating powder used in the best percussion caps 
or tubes is composed of fulminating mercury 3 parts, 
cUorate of potash 5, sulphur 1, powdered glass 1 — 10. 

Ordnance — Iron Guns and Mortal^. (Exhibitors, English, 
Class 22, 85 ; Belgian 142 ; Prussian 677 ; Spanish 262 ; 
Turkey, India.)^Cast iron is, comparatively speaking, a weak 
substance for resisting extension, or for withstanding the 
explosive energy of gunpowder, its strength, as compared 
with that of wrought iron, being only as 1 to 5, and in 
consequence many attempts have been made for improving 
the quality of the metal, and for substituting wrought 
iron for cast. 

In the Belgian collection there are six guns and howitzers 
and a mortar from the royal foundry at Liege, made of 
cast iron, " prepared with coke and wood," and as they 
were taken from the mould, without being afterwards 
turned in a lathe. One of these guns is said to have 
stood 2,116 rounds, and another 3,647 rounds, without 
much injury to the touchhole or vent ; whilst one has been 
twice "rebouched," and has stood 6,002 rounds without 
injury. As few guns of cast iron will stand more than 
SOO* rounds without becoming imserviceable, this mode of 
preparing the iron, and leaving the gun as it comes from 
the sand, appears to be a great improvement upon the 
ordinaiy mode of casting. 

In the Pntssian collection there is a field gun of " forged 
cast steel" of a very peculiar construction. To get over 
the difficulty of forging it with the trunnions on, the gun 
has been made without them, and a hoUow casting with 
trunnions afterwards slipped over the breech and secured 
in its proper position by screwing in the cascable. We do 

* At St. Sebastian, S,700 rounds were fired from the English batteries, but, 
as was observed by an eye-witness, '* You could put your fist into the touch* 
holes." 
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not know the strength of this metal, but judging &om the 
tenacity of that in the cuirasses exhibited with the gun, it 
must be very great. 

In the Spanish and Turkish coHections we have examples 
of guns made of wrought iron, not from choice but neoes* 
sity. The wrought-iron howitzer and mortar &om Spain, 
were made by the Carlists in 1837, and afterwards taken 
by the Constitutionalists. 

The Turkish guns are made like the twisted barrels of a 
fowling-pieee, and were manufactured after the capture of 
the Turkish artillery by Ibrahim Pacha : they have gold 
touch-holes, and are handsomely inlaid, and well worthy of 
notice. 

In the Indian colleotion there is an iron field gun with 
a very curious carriage, and also a beautifully ornamented 
iron rifle wall piece. 

Brass ordna/nce are made of what is called gun-metal, 
composed of about 10 parts of copper and 1 of tin. 

In the Spanish collection there is a very large brass 
howitzer from the Eoyal Fotmdry at Seville (263) ; it is 
nine inches in the bore. 

In the Indiam, collection, thare are two small fleld guns 
and a camel gun, secured to the bow of the saddle, and 
fired from the back of the animal, and two curious wall or 
camel gims on pivots. 

SheUs, &c, (Exhibitors, England, Class 22 — 85 ; Belgium, 
142.) — One of the shells of the monster mortar, " ^ la 
Faixhain,'* used at the siege of Antwerp, is exhibited : it is 
22 inches in diameter ; the largest in the English service 
is only 13 inches. 

Rifles, Muskets, Fowling-pieces, amd Pistols. (Exhibitors, 
English, Class 8, 69, 200, 219, 221, 223, 234, 236, 238, 246, 
261 ; French, 468, 1261, 1647, 1611 ; Belgium, 147, 151 ; 
America, 321 ; Switzerland, 68.) — ^The barrels of the in- 
ferior class of guns are made out of pieces of wrought-iron 
plate, which are formed into a tube on a mandril, and. after 
being repeatedly heated and welded under the hammer, or 
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between roUers, are bored and turned or ground true, both 
inside and out. 

The barrels of the best sort are made bj coiling flat rods 
of the best iron and steel mixed together round a mandril 
in a close spiral, and then welding and hammering them 
into a perfect tube : these rods are about three-quarters of 
an inch wide, and are frequently made out of stubs, old horse- 
shoe nails, into which needles, or broken bits of flies, o^ 
steel in any shape is generally introduced. Two and some- 
times three of these rods, flrst separately twisted, and then 
welded together and coiled round the mandril, produce 
those beautiful patterns, which are known by different 
names, as Damascus twisty stub twist, &c. The variations 
of the pattern depending entirely upon the alternations of 
iron and steel, and the twist given to each single bar upon 
itself previously to its being coiled round the mandriL 

Several exhibitors have sent specimens of barrels in 
every stage of flnish, so that the exact mode of making the 
twists can be seen. 

Steel barrels are made of rods forged from steel contain* 
ing different proportions of carbon, varying in amount 
from one-fourth to two-thirds per cent. Bifle barrels are 
made much thicker than the barrels of ordinary guns ; they 
usually have two or more spiral grooves in them, making a 
whole, or half, or a quarter turn in the length of the barrel ; 
but some increase the turn gradually from the breech to the 
muzzle, commencing at the rate of one turn in 6 feet 
and ending at the rate of one turn in 3 feet : this gives 
the ball a rotary motion through the air, which makes it 
proceed with great truth in the direction in which it is 
flred, whilst the close fltting of the ball secures the full 
force of the powder. 

Mr. Lancaster, of Bond-street, has lately invented what 
may be called a smooth-barrelled rifle, the bore of which is 
slightly elliptical, and makes one half revolution in the 
length. In ordinary practice it requires considerable force 
and some time to ram down a baJl in a rifle, to obviate 
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which expansive hails, having an iron plug in the end of a 
sugarloaf-shaped ball, have been invented, by which means 
the ball can be dropped into a rifle as easily as into a 
musket ; the concussion of the explosion drives the plug 
into the lead, causing it to expand and fill the grooves of 
the rifle, or more closely to fii a smooth-barrel gun. 

Telescopes are fixed on many of the rifles, with cross 
hairs in them : this enables the shooter to take more 
accurate aim. In the Enghsh collection, Captain David- 
son exhibits his collection of rifles with telescopes. Similar 
arrangements will be found in the rifles of America, Bel- 
gium, Switzerland, and many other countries. 

The best rifle will range with considerable accuracy from 
1,200 to 1,500 yards : a good shot would seldom miss the 
top of a hat at 100 yards. 

It is impossible, in a slight sketch of the arms in the 
Exhibition, to particularise the merits of the many very 
beautiful rifles, guns, and pistols in it, as our observations 
must be limited to pecuhar and novel features of con- 
struction, rather than to elaborate finish or elegance of 
design ; but there will be found in the French, the Jersey, 
the Belgian, and English collections, superbly ornamented 
guns, some of which are priced at 400Z., whilst in the 
other extreme there are guns the price of which is 5s, 6d. 
each ; that is, the same money which would purchase one 
of the highest price would buy 1,454 of the others. These 
low-priced guns, from the extreme cheapness with which 
the barrels are made, have received the name of " park 
paling," for which they are well suited. They are sold in 
vast numbers to the Brazilians, who exchange them for 
slaves in Africa. 

In common guns the breeches are made by merely 
screwing flat plugs into the ends of the barrels, the touch- 
hole being punched or drilled through the barrel ; but in 
all other guns the breech contains a conical-shaped cham- 
ber, into which the touchhole is drilled at the side or above, 
or, as has recently been done, through the centre of the 

h3 
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breech behind. Guns, with this latter arrangement, ha>re 
been patented under the name of Central fire percussion 
gun." The breeching and break-off is now made in one hy 
some makers. 

Mifles, GunSy and Pistols loading at the Breech. (Exhi- 
bitors, French, 1546 ; Portugal, 637 ; Belgium, 143-; iVussia^ 
1«, 478, 678.)— The Needle Gun. In this gun the breech is 
opened by merely tus*ning down a lever ; the cartridge, wilii 
a patch of percussion-powder in the end, is then pBu>ed 
inside the breech, which is again closed, and the charge 
fired by pulling the trigger, which projects a needle againsft 
the patch at the end of the cartridge. Sugarloaf-shaped 
bafljs are fired fi-om rifles of this construction, which are 
capable of IdlHng a man at the distance of near' 800 yards. 
Made by Geherman, Berlin. 

Guns of this construction are also exhibited by Ancion, 
of Liege, in the Belgium collection, and by Beranger, of 
Paris. 

Portugal exhibits a curious flintr-lock gun, loading by 
means of two chargers for containing the ammunition, 
about half the length, and as lai*ge as the barrels in l^e" 
bore. The barrel can be disengaged fi*om the breech, and 
turned round, so as to bring the chai^rs over the breecli 
for loading. 

Prussia. — ^A rifle, loading at the breech, by Schallers, of 
Suhl, is very ingenious. A curious seven-barrelled rifle is 
also erfiibited, all of which may be fired at once with 
needles. Bifles, loading at the breech, on the Bussian 
system ; in those from Belgium the charge is placed in a 
cylinder, which revolves in the breech. The lock is cocked 
at the same time that the charge is turned into its place. 
It is fired by a needle. 

Fusils h la Bascule. (Exhibitors, France, 308, 1712 ; 
Belgium, 150.) — Double guns, rifles, and pistols, with a 
joint a little before the trigger-guard^ which allows the 
barrels to be so far depressed as to ftee their ends. Thfe 
charges, in brass cylinders, witil patches of detonating- 
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pawd^rin ijieir ends, »re then ioajgrtiBdy aad the barrfik 
roplcu^ and secured by a catcji. 

""Flob&rt'' Eijk (Exhibitors, France, 515, Belgium, 143), 
in which the pellet of lead, the charge and copper cap are 
ftUin one. 

Self4Qading CarhineSy &c. (Exhibitors, England, 215, 
France, 58, 1611,)*— Self-loading carbines at the breech, and 
other guns loadingin the; same manner, are introduced, and 
jMurbine and pistols, ^'k la Bascules," for firing pellets of lead 
with an ordinary common copper cap; also pistols, ^.^ 
Montechristo ;" the breech turns round, so as to allow 
;ihe pellet of lead to be placed on one side, and a copper 
»cap on the other ; the trigger-guard, turning on a pivot 
oarrying the breech, enables this to be done with great 
^^ase and safety. 

Bevolving Guns and Pistols, (Exhibitors, EAgland, 203, 
820, 222, 223, 234, 236, 237, 240, 246, 247, 260.)— In these, 
Jfrom 6 to 21, barrels are either made to revolve so as to 
bring each barrel in succession under the hammer of the 
Jock, or they have one barrel, and a cylinder containing 
several chambers, whidi revolves, bringing each chamber 
in succession to the barrel, and under the hammer of the 
•Jiock, 

Bevdving Ba/rrels,-^i the first kind there are ,a great 
number in the Exhibition, both in the English and in the 
foreign coUeotion ; (1681) in the French, has a dagger pro- 
jecting between the barrels ; in (270) Spanish, the barrels 
unscrew. The English (241) have six large barrels round 
aix smaller ones ; besides the above, there are several 
ingenious examples of these kinds of pistols. 

In the American collection (307), a self-cocking and re- 
peating 10-barrel pistol k adjusted by the action of pulling 
the trigger ; after each discharge the barrels revolve, 
Imnging another under the hammer (see also 1308, France). 
In the Belgian collection (143) is a 21-bacrelLed pistol of 
this description. 
Bevdving Chambers. — ^In the American collection (321), 
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Mr. Colt exhibits a great number of pistols and carbines witli 
revolving chambers. In these, when the hammer is down, 
it rests between two of the pillars, which prevents the 
breech from turning, and secures it from accident. At 
half-cock the breech is freed, and can be turned round by 
the finger for the facility of loading, which is very quickly 
done by means of a jointed ramrod, the upper part of 
which acts as a lever to force the lower part and the charge 
into the chambers. At full cock the breech is brought 
with a cap under the hammer, and each charge can be 
fired as rapidly as one can cock and pull the trigger. 

Prussian. — ^A 12-chambered breech, by Gleichau^ of 
Bockenheim, near Frankfort, is on the same principle as 
the above ; but the chai^ge is contained in a copper cap, to 
which the ball and copper cap are attached, and it is fired 
with a needle. 

In the Belgian collection (143), Ancion, of Liege, exhibits 
a six-chambered repeating pistol, revolving by merely 
pulling the trigger. 

There is exhibited in the EngHsh collection a revolving 
gun on this principle by Bigby, of Dublin, which was made 
25 years ago, but it was never brought into use ; but^ 
what is more remarkable, there is exhibited in the United 
Service Museum, No. 1180, a revolving gun on this principle 
which is probably more than 100 years old. 

Revdving Hammer (English, 236), has six fixed barrels ; 
the pillars brought up in a circle, and fired by a circular 
plate, having an elevated block on it, turning on the end of 
the hammer, so as to fire any barrel upon the pillar ef 
which the block is made to falL 

Safety XocA».-— (Exhibitors, 216, 216, 218, 234, 250, 252, 
257, 260, 263.) — ^It is necessary to allude to the numbers 
as we proceed. (260.) This has a spring behind the triggep- 
guard, which being compressed by the hand when the gun 
is put to the shoulder, frees the lock and allows it to be 
fired. 257 has a hood for covering the percussion cap, so 
as to protect it from the weather or a blow, and whioh is 
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raised when the gun is placed to the shoulder by pressing 
in a spring. In 215 is a different arrangement in the butt 
for effecting the same object ; while, in 266, there is a 
bolt before the hammer, which is withdrawn when the gun 
is pressed against the shoulder. (252.) In this lock there 
is a ** dog " acting on the back of the hammer, which is 
freed by the pressure of the thimib when the hand holds 
the gun to the shoulder ; and in 218 there is a spring 
behind the trigger-guard, which must be pressed before 
the gun can be fired. (216.) In this the spring behind the 
trigger-guard, when pressed, withdraws a bolt in the 
trigger, which allows it then to be pulled ; the others also 
exhibit some sHght pecidiarities. 

Belffian. (503.) — ^This lock cannot be fired unless the gun 
' is both pressed against the shoulder and grasped behind the 
trigger-guard. This safety-lock can be used or not, as may 
be desired. 

Falise & Trassmann exhibit a specimen of the regulation 
Spanish musket, with a guard for the cap, securing it from 
the weather and from accident, which might be advantage- 
ously adopted in all services. A similar arrangement will 
be found in the French (509). 

Jersey, (19.) — ^This superb article has no less than three 
stops to the lock ; one is a bolt, which cannot be with- 
drawn without first pressing on a screw on the plate of 
the lock, and the gun cannot be cocked unless the trigger 
is pulled at the same time. 

Self-priming Jjocks, (Exhibitors, English, 218, 232, 257, 
SeO, 265 ; Belgium, 140 ; Portugal, 638.)— The first is a ro- 
tary priming musket. The caps are placed in a circidar 
frame at the side of the look, which is turned ro\md so as 
to bring them in succession under the hammer, which 
is also at the side. In the second, the caps are placed 
in a groove in the stock, and brought on the pillar in sto- 
oession by the mere act of cocking the gun. In the third, 
the caps are placed in narrow chambers on each side of 
the elevated rib between the barrels, and are adjusted on 
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.the pillarB by the more «ct of oookipg ; and the otli«r i» a 
.self-phimjig military musket and double gun, with sesenroor 
of caps in the stock and in the butt^ placed on the piiUars 
hj .the act of cocking. 

In the Portuguese collection will be found detonating 
Joeks effected by tumiug round a magagine similar to those 
«t 267 in the EogUsh collection. 

in the Qjcample which has been furnished from Bel- 
.gium (140), the caps are placed on the pillars by the action 
of cocking the gun. 

Lock of simple Comtruction- (Belgium^ Le Dent^ 148 ; 
France, 618 ; En^^d, 323.) — A look has recently been 
patented of extreme simpUcity of construction ; it, in &et^ 
consists of only three parts, viz,, the.hammer, the plaiOy and 
one ^priDg,.and these are put together .with tiwee scmws 
,only. The spring .is Y-shaped, and a(^ like a double 
spring. Two pegs, in the roimd part of the hammer, aboTe 
,aud. below the pivot on which it twcns, pass through holes 
in the plate, the one above and the othw below the 
Y-spring ; in pulling back the cook the upper part of tfie 
.spring is forced down, whilst the lower peg is moved aloiig 
the lower arm of the spring, in which there are noikh^ 
.which hold the hammer at foil or half cock. 

J*rance. (618.)*--l£t nearly the same as the above, bui<oi|y 
that the notches for holding it cocked are in the upper^ 
instead of the lower part of the Y-spring ; this is put jto- 
gether with two screws only insjl^ead of three. 

Locks of peculiar OQusiPuetiofn. — ^These will be found de- 
jserving of notice rather from peculiarities and ingenious 
' contrivances than practical utility. They will be. discovered 
as follows : — 

France. (466.) — ^Pistols with looks under the barrels. 
^Enghsh. (200.) — ^Nearly the same arrangement ; (297) is an 
invisible lock in the stock. 

Prussia. (678).— Not very different. 

English. (59.) — ^A rifle with a look which acts either as a 
needle-gun or as an ordinary percussion gun. 



Swififi. (S^.>^A doable4)aem]l6d' i^tfib,.with onljr ona 
Mggier. (67.) A single rifle, with t^ look^ but only o&» 
tngger. This rifl^ is iMkded' mih two choiges at tke saiuA: 
time, which can be fired one after the oi^r; 

Fbrttigal. (639.)— A flint^ook made^ib 1778, the lock is 
immediately behind the breech in the stocky and'covesedi 
over with a curved' plate, so as to entirely^ hide it in i^e 
stock ; when the trigger is pulled, the plttteis tbrowxiover 
at the same momest that l^e lock acts. 

(640:)— A lock, arranged for firing either a» a'detonafcoxf^ 
or as a flint lock; there is- a- cylinder containmg on one' 
part a pan for holding the powder"; and on another, apilki!' 
for l^e copper caps, and the cock- is arranged so as either 
to knoek upthe hammer or to fall on the copper cap— 1^e» 
cylinder can be turned so as to admit of either bdng used^ 

Sburpoon Gun, (69.)—* Thefe3»yo(m«tised-forkillingwhalel*i 
can only be thrown by the hand about ten yards, henoe^^ 
the whaler is often disappointed by not being able te^ 
reach the fish ftom a greater distance. By discharging^ 
l^iem from a- gun, they can be- thrown fifty yards wiUii 
great accuracy. 

Biteh Oims. (Ehchibitors 59^ 200, 205, 234.) — Buck gnns^ 
for shooting from a punt at all kinds of wild-fowil «i^ 
Usually about & feet long and' Ijj^ inches bore, and throTT 
1^ lb. of shot ; they are mounted on a swivel to fix in' a* 
stanchion in the bow of the boat. 

We have e^iiMted a duck gim, with Colonel Hawker'sf 
improved ignition tubes ; and Colonel Hawkw's own duok 
gun'; another "with central-fire, having trunnions and buflfer- 
springs ; and a stanchion duck gun. 

F^nce (473) exhibits a gun for throwing a cylinder 
containing a line coiled in it, to ships in distoess^ to enable^ 
them to effect a commtmication with the shore. 

Rocket Guns (59) are for the purpose of throwing lines to 
vessels in distress, by which means stronger ropes may be: 
drawn from the ship to t^e shore, and a communioatioii; 
made by which the people on boa^may be saved. There- 
are many plans for effecting this by mortar rockets, &a: 



206 FUNT AND MATCH liOCXS. [ClaM Vin. 

Cf^iain Manbj, the origiiial inyentor, exhibits one. By 
diaoharging the rocket from a gun the firing of the rocket 
IB made to Bustain the velocity it at first received : these 
will carry a line from 6 to 700 yards. 

Flmt Locks. (Exhibitors, English 235, 256.)— Flint locks 
have been gradually going out of use for the last thirty 
years, the greater certainty and quickness of the per- 
cussion lock giving it advantage over the flint lock, as 
marked as those of the flint over the match lock described 
by Lord Orrery. When first introduced a wheel was made 
to revolve against the flint, but these soon gave place to 
the lock in the form in which we see it. There are many 
specimens of flint guns as made for the foreign markets, 
and one showing the manner in which flint guns were 
turned into percussion. In Turkey there are several guns 
and pistols, the locks of which are highly ornamented. 
In the Kussian department will be found a Caucasian 
rifle, the lock inlaid with gold, and in India, several 
with Damascus twist barrels ; while Tunis furnishes a 
number of flint locks of very curious construction inlaid 
with silver. 

Matchlocks, — ^The matchlock in this country gradually 
gave place to the flint lock, as the latter has given way to 
the detonating locks ; but the matchlock is stUl in use in 
many countries, particularly in India, China, and Turkey. 
The match, which was made of a piece of loose rope dipped 
in nitre, was held in a notch in what we should call the 
hammer, which when the trigger was pulled was pressed 
down into the pan. The powder used as priming was 
mealed, that it might more readily take fire : it was part 
of the drill to '^ blow your match" by word of command ; 
but as the moment of explosion was very uncertain, the fire 
from these kind of guns is very ineflective. 

In the Indian collection there are several matchlocks 
superbly ornamented, and inlaid with gold and sHver ; the 
barrels of some of which have beautifiil ^ twists.'* In the 
Turkish collection there are also some handsome spe- 
cimens. 
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The Earl of Orrery, in 1 677, says, " If you fire not the match- 
lock musquet as soon as you have blown the match (which 
often in hedge fight and sieges you cannot do), you must 
a second time blow your match, or the ashes it gathers 
hinder it from firing. The match being carried loose is 
very dangerous when the bandehers run to the budge- 
barrel to refill their bandehers. I have often seen sad 
instances thereof. The light of the match discovered the 
men at night in sieges. In wet weather the pan having to 
be kept open some time, the rain deadens the powder and 
the match too ; whilst in high winds the soldier fires his 
musquet before he intends, and so he loses his shot, and 
perhaps kills or wounds some one before him. Whereas 
in the firelock the motion is so sudden, that what makes 
the cock fall on the hammer, strikes fire and opens the 
pan at once." 

Air-guns. (Exhibitors, English, 222, 224, 237, 243, 247, 
254, 259 ; Belgium, 143, 254, &c.) — In these guns, air is 
forcibly compressed into a reservoir by an air-pump, 
worked either by the direct action of the hand, or by 
winches, or, as has lately been invented, by the elasticity 
of vulcanized India-rubber. They are chiefly used for firing 
at a target, or for shooting rooks or rabbits, and they have 
an effective range of about forty yards. 

There are a great number of these in the Exhibition^ 
designed as guns or walking canes, &c. The Prussians (79) 
exhibit an air-gun and pistol, worked by a winch, and 
for projecting bolts. Many of the above are very beau- 
tiMly executed. In (254,) a piece of India-rubber secured 
under the muzzle of the gun, and connected with the pis- 
ton of the air-pump, in the lower half of the barrel, is drawn 
down by the hand, and when released by the trigger forcibly 
compresses the air and projects the ball with great force. 

Botos, Cro8&-bows, and Poisoned Arrows, — ^The bow is pro- 
bably the earhest projectile weapon of man. It was long 
the favourite weapon of the Enghsh, and their success in 
the battles of Cressy and Agincourt has been generally 
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alitribated to their superior skill in its use ; they ime 
msde of tough ssh 6 feet long, with an arrow 3 feet long^; 
and if we can believe what is related of the acouracy with 
which they could hit a distant object^ and the force witix 
which they discharged the arrow, it was only equalled by 
a first-rate rifle shot of the present day. 

A short bolt^ called a qtunrrd, was discharged from the 
oross-bow with great force. 

In the Indian collection there are several cross-bows, 
and bows of different kinds, with steel-headed arrows. In 
the Ceylon series there are ako specimens used by the 
natives, and some from British Guiana. In the English (269), 
are specimens of steel-bowB and cross-bows, with India-rub- 
ber strings, for firing at a mark. 

Pouoned arrow9, such as are used by the Africans, and 
in some parts of South America, are exhibited in the 
British Guiana collection : the arrows are about nine inches 
long, extremely light, with a very fine point dipped in 
poison. They are carried in a quiver, to which is attached 
a portion of the jaw of a shark, which is for the purpose 
of sawing the head of the arrow nearly through, tluit it 
may break off in the wound : this is done by merely turn- 
ing it between two of the serrated edges of the teeth. A 
small quantity of cotton is attached to the end of the 
arrow, which is then blown through a long tube, and will 
reach an object at a considerable. distance with great truth. 
The arrows are dipped in the poison called ^wourali,'' 
which is extracted from indigenous plants, and prepared 
with much care and simdry incantations ; its effect is most 
deadly, quickly killing a man or the largest animal 

SwordSy Dasfffers, and Spears. — (Exhibitors, England, 200, 
211, 244, 248; France, 1364, 1582; Wirtemberg, 14; 
Spain, Bussia, Prussia, Turkey, Tunis, &c.) 

Although we know that Tubal-Cain (the Vulcan of the 
heathen mythology, according to some) was « an instructor 
of every artificer in brass and iron," some 5,600 years ago 
it does not appear that the art of tempering iron was 
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known till a mndi later time. The most ancient swords 
we know of were made of bronze, composed of nine parts 
of copper to one of tin ; and what is very remarkable, the 
composition of the metal in those from Egypt, or Scan* 
dinavia, or Ireland, is identically the same. 

The best steel was probably first produced in India, in 
the Punjaub, from whence there are so many beautiful 
specimens of swords and daggers and other articles, 
proving that they are still capable of producing the finest 
tempered swords in the world. Norica, amongst the 
Bomans, was as celebrated for the superior quality of the 
swords made, &om the ore of that country, as Damascus 
and Toledo have been in their turn for their swords. 

The finest tempered and most beautifully watered 
swords are made from the ^'wootz "-steel of India, which 
contains 1*6 per cent, of carbon. This watered ap^ 
pearance is produced, as in the gun-barrels, by mixing 
and welding together pieces of steel containing different 
proportions of carbon, and then hammering and tempering 
the compound bar. 

In the Indian collection there are a great many very 
beautifiil swords, daggers, spears, and battle-axes. They 
are remarkable no less for the quality of the steel, than for 
the elegance of their design and workmanship. 

No. 244 is an English collection of fine steel, and the 
sword-blade, in its difierent stages of manufiEU^re, from 
the bar to the highly-finished weapon. 

Amongst the Spanish arms we find the Toledo blades, 
and curious circular scabbards, in which the blades remain 
curved, but regain their straightness when drawn. 

Egypt contributes theCurra, Khorassan, or black Persian 
steel, and Russia, the Sashka-shaska of the Oaucasiaos. 

Prussia and Turkey contribute many examples of swords 
and daggers ; but they have no great pecuharity in metal 
or make. 

The gold sword presented to Lord Beresford by the offi- 
cers who served under him in the Peninsular war, is exhi- 
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bited in the section of Portugal The hilt is of pure gold, 
inlaid with diamonds ; the sheath is entu^ly of gold, with 
bas-relief representations of the principal personal incidents 
of the actions in which his Lordship was engaged. 

In Tunis are some of an inferior description, one of 
which is bent the reverse of the usual way ; and in the 
Chinese collection are three swords of inferior work- 
manship ; but there is rather a curious one made of the 
coins of mixed metals of the country (copper and lead), 
which we may fancy is for the pimishment of usurers. 

There are several Hght spears in the Indian collection ; 
and examples of the lance heads of the Cossacks in the 
Russian. 

An assagai, or Hght spear, used by the natives at the 
Cape, with whom we are now at war, is exhibited withthe 
Guiana collection. 

Goats of Maily Breastplates and Helmets, and Shields. — 
In the Indian collection there are several shirts or coats 
of mail, with the rings gilded to form patterns. There are 
two from Lahore, which, with the helmets, much remind 
us of the drawings of the Assyrian warriors on the 
marbles from Nineveh. One of these suits has plates of 
steel in it overlapping each other as in the breastplates of 
the Romans. As forming part of the armour, the steel 
gauntlets with swords attached to them are worthy of 
notice, both on account of their singularity, and on 
account of the superb manner in which they are inlaid. 

In the English collection (200), is a chain shirt of mail 
made of steel, electro-plated with silver. This, with the 
helmet to correspond, is for the Indian cavalry, and (212) 
a cuirass of steel beautifully ornamented. 

In the Prussian (667), there are specimens of wrought- 
steel cuirasses which have been fired at, at 10 yards distance 
only, and have resisted the force of a musket-ball. 

In the Bttssian, there is a brass cuirass. 

In the Indian, there are several very handsome small 
round shields very elegantly inlaid with gold, one of which 



P- P-] BTONE HATCHEra. 261 

has four gold bosses in the centre, in each of which there 
is a pistol, which can be fired from behind, and, as it were, 
under cover. 

In the French collection (1364), there are shields of ele- 
gant design in bas-rehef ; but these, like the one near the 
great diamond, and those amongst the collection in the 
precious metals, are for ornament only. 

StoTie Hatchets, — It is a very remarkable circumstance 
that wherever the arms of the early inhabitants of any 
country have been found, as they frequently are, in their 
burial-places, the tumuli of England, or Ireland, or in 
France or Greece, or in the West India islands, and other 
places, that not only does the shape of the stone hatchets 
found resemble those of the New Zealander of the present 
day, but the stone selected is also in many cases so alike, 
that it is difficult to distinguish the one taken from the 
tomb where it has rested not less than 2,000 years on one 
side of the globe, with that now used by savage islanders 
at the antipodes. They are usually made of black chert or 
homstone ; the rarer and more valuable are made of jade. 
The collection from New Zealand (30) does not contain good 
specimens of stone-hatchets, though there is a very good 
specimen of jade unwrought into form. These stones are 
fixed in a cleft or hole in the end of a wooden handle, and 
finnly secured there by thongs of hide. 

The engineering portion of this Class is embraced in the 
general review of the machinery and engineering of the 
Exhibition. 
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Class XXL — ^Cutlert— Edge and Hand Tooib. 

BrruATiOM oi CjuAfla. — In the North Gallery between the Filiars 
F. 23 to 25. 

This is a very small class, wliich has been placed by 
itself in the Gallery, for the purpose of inchidmg those 
articles which could not be embraced in the Section 
devoted to General Hardware. There aoe but 46 exhi- 
bitors in this Class ; and since it is not intended to expreas 
in this Handbook any opinion on manufEu^tures, but httle 
more can be done than to indicate the several kinds of 
articles exhibited. These are of a very similar character, 
consisting of (12) razors, penknives, scissors, dessert knives 
and forks, table knives, and razors in dififer^it stages of 
manufacture ; (2) scissors with ornamental handles, chatei- 
laines, model axes, razors, knives, &c. ; (18) circular saws, 
tools, &c. ; (7) and (10) town-made table cutlery ; (24) lathes 
and tools ; (13) tools, razors, knives, scissors, needles, &c; 

The pecuharities of steel manu&cture have been suffi^- 
oiently indicated in the notices of Sheffield manufactoies 
(p. 97), to which the reader is referred. Amongst the 
razors will be observed some arrangements by which, 
under any ordinary circumstances, the instruments are 
prevented from cutting (21). The Plantagenet guard razors 
and the registered razor guard are somewhat similar in 
principle : in either case the object being to insure the 
same angle, under all conditions, for the instrument as it 
passes over the face. In these cases will be seen the 
process of manufacture from the raw iron of Dannemora 
to the finished blade ; and these specimens may be ad- 
vantageously inspected. 

That the peculiarities of this class may be seen, we select 
a few other examples worthy of attention : — 

(26.) Cutlery. Razor blades from the bar of steel to the 
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finished blade, and a pair of razors the same as made for 
Prince Albert. (36.) A brace with all kinds of bitts used 
for boring, drilling, &c. (39.) Blister and shear steel, cast 
steel, Lancashire files and tools. Moffnets made according 
to the plan of the Rev. W. Scoresby. The object aimed at, 
in the processes suggested by the experiments of Dr. 
Scoresby, is to give the greatest possible amount of attrac- 
tive force to masses of steel : this is effected by the pecuHar 
method of magnetising, which is performed by placing two 
bar-magnets of the highest power in a straight line with 
their opposite poles near each other. Upon these the bar 
to be magnetised is laid, and the magnets drawn asunder 
in opposite directions, until the bar rests^with its two 
extremities upon the ends of the magnets. It is aUowed 
to remain for a short time in this position, then slid off 
sideways, turned over, and again treated in the same 
manner. (4.) Improved table cutlery, emigrants and tra- 
vellers' protectors (very large knives). (46.) Cutlery, cut- 
steel chatelaine ; door and window wedge— the utility of 
this design arises fi*om its form : any door to which it is 
applied is securely fastened, and on an attempt to force an 
entrance a loud alarm is given by the explosion of an 
electric baU placed within the wedge, and the door stiH 
remains secure from entrance. 

Baaor Strops. (Exhibitors 5, 9, 21, 34.) — ^The various 
parties exhibiting these very useful articles, respectively 
point out the merits of each kind, and claim certain 
peculiarities in their construction. To these statements 
we must refer the curious. 

Essentially razor strops are formed of two kinds of 
leather ; one side being covered with one of the fine 
abrading oxides of iron, and the other with a mixture of 
plumbago with some moderately tenacious substance. 

Walby^s Patent Hinges are worthy of notice. The patent 
rising and spring hinge is constructed "on the principle of 
two inclined planes ; the weight is [borne equally by each 
incline, which prevents the pin being strained, and the 
hinge getting out of order. 



264 TABLE CUTLEBT. [CUasKXI. 

Amongst the other varieties must be named — 

A masticating knife and fork, 28 ; the object of which 
is to cut the meat so thoroughly, that the stomach joay he 
relieved from some of its ordinary labour. 

A knife with 300 blades, 40 ; each has a separate spring, 
which is certainly ingenious. 

No. 25 is another example of a penknife, with a great 
many blades. 

And in 33 we have, as an example of cutleiy, a very 
large razor. 

Augurs, 31, from very large to small size ; shipwrights' 
tools, &c. ; ladies and gentlemen^s skates, needles, and a 
few surgical instruments, constitute the remainder of this 
group. 

Beyond this brief notice — since it is impossible to de- 
termine by inspection the quality of the steel employed in 
the manufacture of these articles — ^it is not necessary to 
offer any explanatory remarks. A considerable advance 
has been made in this country in the manufacture of steel 
iitted for cutting instruments ; but the pecuhar charac- 
teristics of the Swedish and Eussian iron are such as to 
insure a continuance of its use for the finer kinds of cut* 
lery. 
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Class IL — ^Chemical and Pharmaceutical Producib. 

Division 1. 

Situation of Class. — In the South Gallery, between the Pillars 
O. and P., from 25 to 32 chiefly. 

Position of Groups, — (Numbers referring to Pillars.) g7 | i 
Chemical Preparations, 26-28. Pharmaceutical Pre- •j §« — ^ 
parations, Pigments, &c., 28-30. These are, how- i |. i 



ever, considerably interspersed. o *■« ^ 1 ^ 

Sulphate of Copper, (Exhibitors 1, 7, 10.)— H^l^i 5 
This compound of sulphuric acid and copper" ^il*], ^ 
may be obtained directly by dissolving oxide ^1 1 I 
of copper in that acid, and evaporating the g|^ | 
solution. It is sometimes obtained by roasting Jfl^ 
the poor ores of copper containing sulphur. The 
sulphur combining with oxygen forms sulphuric acid, 
which unites with the copper and produces the sulphate ; 
this is washed out of the heaps, and the solution allowed 
to crystallize. Blue vitriol, as this salt is commonly called, 
is sometimes found native ; but this usually arises horn. 
the spontaneous decomposition of a lode of copper py- 
rites ; the sulphate of copper being washed out of it by 
water filtering thi'ough it, which afterwards crystallizes on 
some neighbouring rocks. In many mines, particularly 
near the large copper deposits of the Isle of Anglesey and 
in Wicklow, the water flowing from the mine holds a suffi- 
cient quantity of this salt in solution to render it of 
importance to collect. The usual process of obtaining it 
is, however, to oxidise sheets of old copper by roasting in 
a reverberatory furnace, and then heating the oxide in 
leaden vessels with some diluted sulpuric acid. 

In some cases sulphate of copper is produced by the 
direct combination of copper, sulphur, and oxygen. The 
metal employed for this purpose is the coppering of 
I. N 
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vessels which has become so much worn as to require 
removal. These sheets are heated to dull redness in a 
properly constructed reverb^*atory furnace, and sulphur 
is thrown in, aU the openings of the apparatus being care- 
fully closed up. By this means the metal is rapidly acted 
on by the sulphur, and disulphuret of copper is formed. 

These sheets are afterwards roasted in tiie same fur* 
nace, with free access of air, which converts the sulphur 
into sulphuric acid, and a subsulphate of oxide of copper 
is formed. At this point of the operation the subsalt is 
withdrawn from the apparatus ; and, after being allowed 
to cool, is heated, with a proper quantity of dilute sul- 
phiu*ic acid, in large leaden vessels, where it is converted 
into the neutral sulphate of protoxide of copper. The 
liquid from these leaden cisterns is concentrated and crys- 
tallized in the usual way, and the mother liquors which 
remfun in the tub after the first crystallization are again 
evaporated, and a new batch of crystals obtained. After 
heang separately treated in this way, the mother waters 
become too strongly acid to yield good crystals, and they 
sate then employed, in the place of sulphuric acid, to effect 
the solution of the subsalt of copper. Sulphate of copper 
IB largely employed in the production of many pigments, 
as emerald-green, — and in the electrotype processes. Its 
medicinal use is exceedingly limited, whether as an ex- 
ternal application or as an internal remedy. In large 
doses it is an emetic, and acts energetically as a poison ; 
in very small doses it is powerfully tonic, and has been 
used with advantage in pulmonary diseases. Farmers 
employ it for preventing the rot in sheep ; and, by steep- 
ing grain in a solution of it, for protecting the wheat and 
badey from the attack of several injurious fongii. 

HoeheUe Salts, (1.) — ^This — the Soda tariarizata of ther 
"Pharmacopoeia," called in old works Sd de Seignette, 
IB a tartrate of potash and soda. It was first prepared at 
Boehelle by an apothecary of the name of Seignette. It is 
formed by saturating the excess of acid in tartar with car- 
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bonate of soda. By analysis it is found to contain potash^ 
15-9 ; soda, 10' 6 ; tartaric acid, 43*7 ; water of crystal- 
Hzation, 29 • 8, or, according to Vauquelin, tartrate of potash, 
54 ; tartrate of soda, 46. 

Tartaric Acid. (Exhibitors 1, 11, 86.) — ^This acid is 
manufactured from argols or tartar, which is the crude 
bitartrate of potash deposited by wines in their fermenting 
Tats, in proportion as the alchohol is formed, in conse- 
quence of its insolubility in that liquid. There are two 
kinds of tartars known in commerce — ^the white and red—^ 
usually sold as the white and red argol : the former, which 
is of a pale pinkish colour, is the crust which falls during 
the fermentation of white wines ; the second is a dark-red 
substance, and is deposited by the red wines under similar 
circumstances. This salt, after being purified by repeated 
boilings with white argillaceous clay, becomes perfectly 
white, and is then known in commerce under the name 
of cream of tartar, in which form it is much employed 
by dyers and cahco printers. 

The manufacture of tartaric acid is carried on largely in 
the neighbourhood of the metropolis, and is conducted in 
the following way : — ^Into a tub, capable of containing 
three or four thousand gallons of water, from 16 to 18 cwt. 
of finely washed chalk (carbonate of Hme) is thrown, 
which is agitated by means of a moveable arm worked by 
machinery, until it has become incorporated with the 
water, and forms a sort of milky fluid. The mixture is 
now heated to the boihng point by the aid of steam, which 
i» introduced into it through proper pipes, and the tartar 
is afterwards added to it by degrees, and well stirred by 
the instrument before described. By this means the 
tartar is made to yield to the hme exactly one-half of its 
tartaric acid, tartrate of lime being deposited with evolu- 
tion of carbonic acid gas, whilst neutral tartrate of potash 
remains in solution. To decompose this second atom, 
aaid separate from its base the portion of tartaric acid 
still united to potash, a proper amount of sulphate of 

n2 



268 TABTAMC ACID. P^^^ "- 

lime is added to the mixture, which, on being again 
heated and stirred, is found to consist of insoluble *«*- 
trate of lime, deposited at the bottom of the tun, togidfcli«P 
with a solution of sulphate of potash, which is drawn <^ 
and evaporated in proper vessels, in order to obtain thfl* 
salt in a crystallized and marketable form. 

The tartrate of Hme remaining at the bottom of the tun 
is well washed with pure water, and decomposed by fto 
addition of dUute sulphuric acid, into free tartaric acid 
(which is dissolved by the water) and insoluble sulphate of 
lime or gypsum, which settles at the bottom of the vesscl- 
To separate the solution of tartaric acid from the insoluble 
gypsum with which it is associated, a system of filtration 
on a large scale is had recourse to ; the clear liquor whicli 
passes tnrough, being pmnped into large evaporators, 
whilst the soUd sulphate of Hme is reserved to produce 
the decomposition of neutral tartrate of potash in the 
succeeding operation. The vessels in which the Weak 
tartaric acid liquors are evaporated down are commonly 
made of wood, lined with sheet lead, and the heat is 
obtained by passing through the liquid coils of leaden 
pipes, through which a current of steam, at a considerable 
pressure, is made to pass. 

The liquors, after being concentrated to the proper 
point, are now run off into large leaden tubs, where crys- 
tals of crude or rough acid are quickly formed. These 
are subsequently redissolved, the solution is filtered 
through a kyer of animal charcoal, for the purpose of re- 
moving the brown tint caused by the extractive matter 
contained in the argols. By successive crystallizations 
and filtrations the acid is in this way made to assume a 
great degree of transparency, and when crystallized from 
solutions which are not too highly saturated, the finest 
specimens are obtained. The tartaric acid of commerce 
is apt to be contaminated by the traces of sulphuric acid 
and of lead; the latter being derived from the vessels 
used in its manufacture. 
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. Citric Acid. (Exliibitor8l,ll,86.)— The pleasant acid of 
»' 9reat number of fruits is due to the presence of this 
ooBipound. Citric acid is manufactured from the con- 
qsntvabed juice of the lemon and lime. The methods by 
iibi^h this acid is obtained iroxa the imported lim^juice 
very closely resemble those employed in the manufacture 
p£ tartaric acid. It is, however, far more expensive than 
tartaric acid, and is, consequently, sometimes adulterated 
with the latter. This adulteration is easily discovered by 
^e addition of a Httle carbonate of potash to the sus- 
pected acid ; for if tartaric acid be present, a precipitate 
of cream of tartar will quickly take place, whilst if pure 
<dtric acid be thus treated, no sort of deposit will be pro- 
.duced. Among the salts of this acid which are exhibited, 
we may notice a specunen of efiPervescent citrate of mag- 
nesia, which is merely a mixture of the citric acid with 
carbonate of magnesia in a dry state. 
. The preparation of this acid is carried on by a few 
manufacturers on an extensive scale, and it is sent into 
the market in different states of purity. The average pro- 
portion of citric acid afforded by a gallon of good lemon- 
Juice is about 8 ounces, but by great care 12 ounces has 
sometimes been obtained. M. Tilloy, of Dijon, recom- 
mends currants as a source of citric acid : they are bruised, 
and the expressed juice is fermented and then distilled to 
obtain the alcohol ; the residue is saturated by chalk, and 
the washed citrate of Hme decomposed by sulphuric acid. 

Acetate, and other Salts of Lead, . (Exhibitors 2, 86.) — 

Acetate of lead^ commonly called sugar of lead, is prepared 

.)>y dissolving Utharge, by the aid of heat, in strong vinegar 

until the acid is saturated, and by subsequently concen- 

. trating and crystaUizing the solution. The combination 

. of the acid and htharge may be made either in a copper 

boUer rendered negatively electrical by soldering a strap 

of lead along its bottom, or, what is still better, in vessels 

made of thick sheet lead ; in which case it is necessary to 

keep the liquor constantly slightly acid, in order to prevent 
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the formafckm of any of the nmntDoos subaalts idiich would 
otherwise he ]^rodneecL 

Salt-^aied stonewan vessels are those best adaipted lor 
the dTstalMzatioii of sugar of lead, and tiie edges of these 
shotild be smeared over witii grsase or taflow, to prerani 
the salt from creeping over them by effluresoeiit ▼eget*- 
tion, which it is extremaiy disposed to do, often aaBamiag 
very beautifdl forms. 

Whm the sohition ceases to yi^d good crystals hy evfr* 
poration, it is deoomposed by carbonate of soda, or limo^ 
owefaUy applied, by which a carbanate, or oxide, ia ob- 
tained, fit to be treated with a fresh qoaatity of acid or 
vinegar. Acetate of lead is a poisonous salt, having no 
smell, but a sweetish taste, not nnhke that of sugar, and 
from hence its common name, sugar of lead. It is much 
used for calico printing as a motdant base. 

Nitrate of Lead is obtained by dissolving htharge^ not ift 
excess, in hot nitric acid diluted with two parts of water. 
Hiis salt is also employed by the calico printer, and it is 
used in dyeing. 

OoGicfdcride of Lead. (12.) — ^There is another case in this 
collection which is deserving of notice. It contains a 
series of specimens to illustrate the manufacture of a neiw 
white pigment of lead, viz., the neutral ozichloride (PI 01 
PL O, or an atom of chloride of lead united to an atom of 
oxide of lead), recently discovered (with the process of ob- 
taining it) by Mr. EL L. Pattinsoin, of Scots' House, near 
Newcastle-upon-Tyne. This substance is made by dissolv- 
ing galena or sulphuret of lead in muriatic acid, the latter 
having now become a large waste prodtuit in this country, 
and therefore costing nothing. By this operation the sul- 
phur of the galena is expelled in the form of sulphuretted 
hydrogen gas, which may be burnt to form sulphuric acid^ 
and the mete^, silver and lead, contained in the ore, are oon- 
verted into chloride of silver and chloride of lead. The 
mixed chlorides are placed in hot water, ^en the chloride 
of lead dissolves, and the insoluble chloride <^ silver, whieh 
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JuA&m to the bottom of Idiis sdluiion, is ooUected and afteii- 
wards reduced into metaUic sihrer by an oasy prooeGus. Tt> 
t^ Bolutioii of chlonde of lead^ lime-water is added in the 
proportion of half an eqiuvaleaat of lime to one atom of 
rf^oride of lead, wben the whole of the lead is precipitated 
.as neatral oxichkoide of lead, forming^ when ooUected and 
■cbied^ the pigment vaxd&r description. This new pigment 
possesses great body, and is of a brilliant white colour. B; 
is already made to some extent, and is likely to become an 
important branch of chemical mannfactiire. 
The case contains — 

1. Eough galena. 

i. Finely ground galena. 

3. Muriatic add. 

4. Chloride of lead. 

£. Oxichloride pulp, as precipitated by lime. 

€. Dry oxichloride. 

7. Oadchloride^ ground with oiL 

B» Insoluble residuum containing silver. 

9. Small plate of silver made &am the residuum. 
Upon the adjacent wall are three pictures, painted by 
danmchael, about a year ago, entirely with this oxichloride 
vof lead. 

Lead and its Salts — White Lead. (69.) — ^This valuable 
pigment is a carbonate of lead, united with some oxide 
of lead. It is prepcured by the action of acetic acid upon 
the metal in the following manner : — 

Lead is cast into forms which admit of the largest pos- 
sible surface being exposed to the action of the vapour of 
acetic acid. These are usually of the gridiron shape, with 
the bars crossed. A number of such pieces of lead are 
placed over an earth^iware pot, containing the acid. Some 
idoe^as of these pots, thus adjusted^ are placed in a stack 
upon a bed of tan ; one layer bang completed, it is 
'Covered over with boards, and up<m these another bed of 
taja and another set of the vinegar-pots and lead eae plaeed. 
These are again covered with, boacd a&d tan ; thus the 
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fltaok is filled in with layers of tan, yinegar-pots, and lead, 
the whole being carefully covered in with a thick bed of 
tan. Fermentation soon takes place in the tan ; and by the 
heat thus generated the acetic acid is vaporized, and it 
attacks the lead, forming a basic acetate of lead. This is 
decomposed by the carbonic acid surrounding it, and is 
converted into basic carbonate of lead, neutral acetate of 
lead remaining. This, imder the action of the air, takes 
up a new quantity of lead, and the same decomposition is 
renewed. In this way eventually the lead is corroded 
throughout, the whole being converted into white lead. It 
is then ground with water under rollers, dried, and even- 
tually either sold as dry white lead, or ground with oil, for 
the use of painters. The men employed in white lead 
works suffer from stomach diseases, which arise from the 
absorption of the carbonate of lead : this, however, is, to 
a great extent, remedied by taking every precaution, in the 
way of cleanliness, and in the ventilation of the manufac- 
tory, so as to remove as rapidly as possible all dust from 
the apartment. The men, too, should be encouraged to 
make use of a drink which is acidified by sulphuric acids, 
by which the carbonate is converted into a sulphate of 
lead, which is the most insoluble of the salts of this 
metal. 

Nitrate of Lead is obtained by dissolving lead in dilute 
nitric acid, and evaporating. It crystallizes in regular 
octohedrons, as will be seen in many of the crystals 
exhibited. 

ZinCf Sulphate and Oxide — White Zinc, (Exhibitors 7, 57, 
61.) — Oxide of zinc, or zinc white, is now becoming exten- 
sively employed as a pigment instead of white lead, which 
was formerly exclusively used for the preparation of white 
paint. This substance is obtained by exposing melted 
zinc to a current of air in properly constructed ovens, 
which are for this purpose usually made of fire-clay, veiy 
much in the form of the ordinary coalrgas retort. The 
zinc, which is an extremely volatile metal, is, by this 
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treatment driven off in the state of vapour, which, com- 
bining with the oxygen of the heated air, forms the white 
oxide of that metal, the " nihil album " of the ancient 
alchemists, the Philo8oph£r*s Wool of modems. This floc- 
culent product is now conducted into a series of chambers 
prepared for its condensation, from which it is afterwards 
taken out in a state fit for being mixed with refined linseed 
oil^ and ground at once into paint. The pigment thus 
obtained has the advantage over white lead of being unat- 
tached by sulphuretted hydrogen gas, which speedily 
turns any body covered with ordinary paint to a dark- 
brown or black colour ; and it is consequently well adapted 
for all purposes in which lead paint would be liable to this 
inconvenience. 

The oxide of zinc, although of a beautifully white colour, 
is unfortunately, to a certain degree, transparent ; and it is 
stated by painters that it does not possess the covering 
properties or the body of the carbonate of lead. Another 
difficulty attending the use of zinc paint arises from the 
circumstance that it remains on the wood a long time 
before becoming sufficiently hardened to admit of a second 
coat being laid on ; whilst, as most of the compounds sold 
under the name of " patent driers " contain lead, the intro- 
duction of this substance gives it the property of becoming 
black when exposed to hydrosulphuric acid, and thus 
entirely destroys one of its most valuable characteristics. 
This arises from the fact that the oxide of zinc will not 
combine with oil to form a plaster in the way in which the 
oxide of lead does. It is much to be wished that the re- 
sources of modem chemistry may be at length found 
equal to the removal of this disadvantage ; as, from the 
baneful influence exerted by white lead, both on the per- 
sons who are employed in its manufacture, and on the 
painters by whom it is apphed, it is greatly to be desired 
that some good and equally cheap substitute for this sub- 
stance may be ultimately discovered. 

The other salts of zinc exhibited possess no very re- 

n3 
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markable prop^ties. The zinc coIoutb, so called, appear 
to be only metallic oxides of different kinds mechanically 
united with the white zinc as a base. From the manner 
in which the anc white retains its colour, there can be but 
little doubt that these will remain permanent for a long 
period. 

Bichromate of Potash and Salts of Chromium, (Exhibitors 
8, 41, 59.) — Chromium was discovered by Vauquelin, in 
some ores of lead from Siberia. Ores containing chromium 
occur in large quantities near Baltimore in Maryland, the 
Shetland Isles, in the department of Var in France, near 
Fbrtsey in Banffshire, and also in Bohemia and Silesia. Of 
the chromate of lead beautifid specimens are found in 
Siberia and also in the Brazils. To prepare bichromate of 
potash (the beautiful yellow crystalline salt exhibited) 
from this mineral — ^generally chrome iron or tjhrome ochre 
— ^it is first carefully separated from the gangue with which 
it is found associated, and it is subsequently ground under 
heavy edge-runners to the state of a very fine division. It 
is then mixed with from one-third to one-half its weight 
of nitrate and carbonate of potash, and exposed to a strong 
heat, during several successive hours, on the hearth of a 
reverberating furnace, where it is occasionally stirred 
about with iron rakes. When the calcination is judged to 
be sufficiently advanced, the charge of the furnace is with- 
drawn, while stiU hot, thrown into vessels containing 
water, in which the potash salts formed are dissolved. 
The solution thus obtained is evaporated briskly, and 
chromate of potash, a lemon-yellow salt, is formed. To the 
dissolved chromate of potash is added some sulphuric 
acid, which combines with one-half of the alkali, leaving, 
the other in combination with two atoms of chromic acid, 
forming the richly-coloured bichromate of potash. This 
substance is principally employed by colour-makers and 
dyers, who obtain from it some very beautiful dyes and 
pigments, by the addition of a soluble salt of lead. A 
green oxide of chromium is also prepared by the decom- 
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position of chromate of mercury by heat. This salt is 
obtained by adding nitrate of protoxide of mercury to 
chromate of potash in equal proportions ; and the oxide 
which remains when this substance is heated to red- 
ness is principally applied to dyeing and painting in 
porcelain. 

The bidhroinate of potash, heated alone, yields the oxide 
in dark-green crystals of great beauty. The product is 
not so beautifiil, but is twice as abundant, when sulphur 
is used. The oxide is employed in painting and glass- 
staining, as procured by the processes described; it is 
anhydrous and insoluble in acids. It is obtained hydrated 
by raising a solution of bichromate of potash, mixed with 
muriatic acid, to the boiling point, and adding alcohol, in 
small quantities at a time, till the Hquid changes from 
orange to green. The alcohol deprives the chromic acid 
of half its oxygen, reducing it to the oxide which forms, 
with the hydrochloric acid, the sesquichloride of chro- 
mium. This acid is obtained almost pure by mixing a 
cold' saturated solution of bichromate of potass with half 
as much again of oil of vitriol. The sulphuric acid com- 
bines with the potass, evolving much heat, and the chromic 
acid separates in beautiful red crystals as the Hquid cools. 
Chromic acid is exceedingly soluble, and cannot be brought 
into contact with organic matter, owing to the readiness 
with which the latter deprives it of half its oxygen. It is 
employed to bLeach palm oil preparatory to its conversion 
into soap. The salts of the acid are more important than 
itself. The chromate and bichromate of potass have 
already been referred to. The chromate of lead, a bright 
yellow substance, largely used in the arts, is produced by 
precipitating a solution of acetate of lead by bichromate 
of potass. If the chromate jof lead be boiled with hme- 
water, or fused with nitre, half the chromic acid is 
transferred to the alkaline base, and a sub-chromate of 
the metal, of a beautiful orange red, or vermilion colour, is 
left. 
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SdluhU Prussian Blue, (3.)— The soluble PSrussian blue 
is prepared by adding nitric acid to the yellow prussiate of 
potass in solution, to which is immediately added a solu- 
tion of sulphate of iron. The mass becomes a blue paste, 
to which a little water may be added when placed on a 
filter. This is to be washed with water until a solution of 
iron ceases to strike a blue colour with the percolating 
water. The precipitate remaining on the filter is a fine 
Prussian blue, perfectly soluble in rain water. This pro- 
cess has been patented by the Rev. J. B. Beade. 

Red and YeU&w Prussiates of Potash. (Exhibitors, 13, 27.) 
— ^These are the ferro-cyanates of potash of chemists. 

Animal substances are employed in the manufacture of 
these salts, which are compounds of nitrogen and carbon 
with the alkali. 

A large egg-shaped pot of cast iron is built into a 
fiimace, so as to admit of being readily heated to redness. 
When this vessel has been brought to a moderate state of 
ignition, a mixture of pearlash and dry animal matters is 
projected into it ; of these hoof, horn, woollen rags, and 
the substance called greaves, the refuse of tallow-melters, 
form a principal part. The proportions usually adopted 
are two parts of pearlash to five parts of animal matter ; 
and this mixture, as it calcines, gradually assumes a thick 
pasty form : during the progress it is kept constantly* 
stirred about with a long iron bar. A very offensive 
odour is given off from the retort^ while the nitrogenous 
matters are in process of combination with the alkali ; 
but when the mixture has become wholly converted into a 
chemical compoimd, the evolution of the foetid animal 
vapours entirely cease ; the pasty mass is now quickly 
withdrawn from the heated vessel by an iron ladle, and 
allowed to cool before being subjected to any further 
treatment. 

If the charge of the retort were thrown, while still hot, 
into water, for the purpose of more readily effecting 
its solution, some of the prussic acid present would be 



p. 85-29.] RED PRUSSIATE OF POTASH. 277 

converted info ammonia^ and the usual crystallised pro- 
duct would be diminished in a proportionate degree. 
When quite cold, the solid matter is dissolved in water, 
and the solution clarified by subsidence and filtration: 
the liquor thus obtained is concentrated by evaporation, 
and, on being allowed to cool, deposits yellow crystals of 
the ferro-prussiate of potash on the sides of the vessels 
containing it. When large and pure crystals of the salt 
are required, the granular deposit is again dissolved in hot 
water, and it then yields, when allowed to cool slowly, fine 
and very regular crystals of prussiate of potash. 

The salt may be regarded as a compound of cyanide of 
iron and cyanide of potassium. The iron necessary to the 
production of this substance is derived from the pot and 
stirrers used in the operation ; and these, therefore, are 
found to be much corroded and worn away by use. The 
lower part of the retort, where it comes most in contact 
with the mass of fiised animal matters, is especially sub- 
ject to be thus acted on, and it is, therefore, frequently 
necessary to turn it, so that the parts acted on may be 
placed uppermost^ and ftirther removed from the corrosive 
action of the charges. 

This salt is very largely employed for the manufacture 
of the colour called Prussian blue. 

The ferro-prussiate of potash may be also formed by 
exposing powdered charcoal to an intense white heat for 
ten hours saturated with 30 per cent, of potash in earthen- 
ware cylinders, through which a current of air is made to 
pass. The atmospheric nitrogen combines with the 
carbon, and thus cyanogen is produced, which unites with 
the potash. This is mixed with peroxide of iron and re- 
calcined. 

The Red Frimiate of Potash. — If chlorine is passed 
through a solution of the yellow prussiate, it undergoes a 
change, and becomes of a greenish colour. From this 
solution, however, bright red crystals are obtained, which 
are the ferrid-cyanate of potash, containing potassium 
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36"l4, iron 16*87, carbon 21*68, and nitrogen ^5*31, in every 
hundred parts. 

Prussian Blue. — ^When a salt of iron is added to either 
of the above saUs, a combination is efiected of the cyanide 
compounds and the iron. For the manufacture of the 
Prussian blue of commerce, the impure liquor obtained by 
digesting in water the calcined mass of animal matter^ 
from the process above described, is • decomposed by an 
excess of sulphate of iron, the resulting precipitate digested 
in muriatic acid, and exposed to the air, until it assimies 
its proper colour. 

Gallic Acid, (Exhibitors 106, 107.) — ^This remarkable 
substance does not appear to exist naturally formed in 
plants, except in the seeds of the mango : it is generated 
by the decomposition of the galla-taunic acid, which is. 
fotmd in most astringent vegetable substances, as oak-bark, 
the gall-nut, &c. 

Gallic acid may be obtained by mixing powdered galls 
with water, and exposing the paste for some weeks to the 
air, at a temperature of about 80° Fahrenheit, and occa- 
sionally adding a little water to prevent the mixture from 
becoming dry. The powder thus treated gradually swells, 
and becomes mouldy, and on subjecting the pasty mass 
to pressure, a quantity of dark-coloured liquor is easily 
squeezed out ; the residue, or cake, is now boiled in water^ 
and the solution filtered whilst hot ; and on cooling, it 
deposits long acicular crystals of gallic acid, which may 
be purified by re-solution and boiling with a Httle animal 
charcoal. On again crystallizing this solution, crystals of 
a much lighter colour are obtained. Gallic acid forms one 
of the ingredients of common writing ink, the colouring 
matter of which consists of a mixture of gallate and tan- 
nate of iron. It is also the agent employed for the de- 
velopment of the photographic images in the Talbotype 
process. 

Fyro-GaUic Acid, which is employed for the same pur- 
pose, may be prepared by carefully heating gaUic acid to 
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^bout 400^, when it is totally deoompoBed into oarbonio 
acid and pyro-gallic acid, which sublimes in brilliant white 
plates. 

Qxcdic Acid, (11.) — Oxalic acid is chiefly used for dis- 
charging colours in certain styles of cahco printing : it is 
also employed for whitening the leather of booti-tops, 
cleaning straw, and other similar fabrics. 

This acid occurs ready formed in the juice of the wood 
sorrel, where it exists in combination with potash as a 
binoxalate — a salt which is in Switzerland lai^ely prepared 
£rom this source, and sold commonly in this coimtry under 
the name of salts of sorrel, or salts of lemon, Oxaho acid 
is much used by the sciaitific chemist as a means of detect- 
ing hme in any solution in which it may exist. For this 
purpose the oxalate of amjoionia^ as being more certain 
and dehcate in its action, is more frequently employed 
than the free acid. 

Oxalic acid may be prepared by the action of nitric acid 
on sugar, silk, saw-dust, hair, glue, and several other ammal. 
and vegetable substances ; but for commercial purposes 
sugar and molasses are alone employed, and yield acid of 
greater purity than that obtained from any of the other 
above-mentioned commodities. To make this acid, four 
parts of nitric acid are .added in a large stoneware vessel 
to one part of raw sugar, and the mixture subsequently 
heated in a water bath until the whole of the nitrous gas 
which is at first driven oiF has become totally disengaged. 
When this point has been attained, the pipkin i& removed 
from the water bath and allowed to cool, by which means 
the oxahc acid is obtained in a crystallized form. 

Morphia and its Salts. (Exhibitors 106, 107.) — Opium, 
the inspissated juice of the poppy, is prepared in India, 
Turkey, Persia, and Egypt. It forms a prominent article 
of commerce between India and China, and yields a large 
revenue to the Indian government. It is variable in its 
composition: not only do different countries produce a 
different opium, but different locaHties in the same country, 
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and these vary in their active principleB in some caae» io 
an extent of 50 per cent. Morphia is one of the aothre 
principles of opium, and on it depends the value of ikat 
drug in allaying pain and procuring deep. ItwaBttofert 
of the organic alkaloids discovered ; the precursor of a 
numerous and energetic family of agents, upon the asssst-'' 
ance of which the physician can with confidence rely. 
Morphia itself from its insolubility is rarely if ever em-i 
ployed. Its salts, however, are now in almost universiJ 
use, and they have this advantage over opium, that they 
are not only uniform in their constitution, but many of 
the evil consequences which follow a dose of opium, 
are either much lessened or altogether avoided by their 
use. 

The salts of morphia chiefly employed are the muriate 
or hydrochlorate, the acetate and sulphate. 

To obtain pure morphia, the process invented by Wilt- 
stock is perhaps the best. One part of opium, eight of 
water, and two of muriatic acid, are to be digested together 
for six hours ; when the mixture has cooled, the brown 
solution is to be poured off, and the residue treated twice 
more with water and acid. The hquors so obtained being 
mixed are to be saturated with common salt, on which( 
they become milky, and after a few hours a brown clotty 
precipitate forms : this being removed by the filter, am- 
monia is to be added in shght excess, and the whole 
allowed to stand for twenty-four hours. The precipitate 
which forms in this time is to be collected on a filterj 
washed with a little water, dried, and digested in spirit 
of specific gravity, 0'820, which dissolves out the morphia. 
By distillation, the greater part of the spirit is removed, 
and the morphia being dissolved in a small quantity of 
boiling alcohol, crystallizes on cooling. In this process 
the narcotin is separated by the addition of the common 
salt, in a solution of which it is insoluble ; the meconio 
acid, codein, and thebain, remain dissolved after the addi- 
tion of the ammonia in excess, and the other princif^s 
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present in the opium remain in the mother-liquor after 
tiie morphia crystalHzes. 

Hie process of Merck is founded on the insolubility of 
moiphia in a solution of sal-ammoniac, and its solubility 
m fime-water. Opium is to be digested in three times its 
freight of water, then expressed, and this repeated three 
or four times : these solutions being mixed, are brought 
to boil, and milk of lime added in slight excess ; the pre- 
cipitate which forms is to be collected in a strainer and 
strongly pressed ; the liquor is then to be evaporated 
nntil it is about twice the weight of the opium employed, 
and to be then filtered, brought to boil, and for each pound 
of opium one ounce of sal-ammoniac added in powder. 
The morphia separates^ in crystals, and may be purified by 
boiling with some lime and ivory-black, and precipitation 
again by sal-ammoniac. 

Strichnme, from the Nux-vomica> Aconita from the 
Monkshood, Acomtum. napeUuSy Veratrine found in the 
HeUebore, Veratrum albumy and Veratrum sdbadiUa, an4 
numerous other alkaloids, are exhibited ; but it is not pos^ 
sible to describe each process particularly. 

Bebeerin (107) is another organic alkaloid, first separated 
in a pure state by Dr. Douglas Maclagan. It is obtained 
from the bark or the seeds of the Greenheart tree of 
British Guiana — the Nectcmdra Bodiciy so called from 
Dr. Rodie, the original discoverer of its medicinal proper- 
ties. It is employed in the form of sulphate as a general 
tonic and febrifuge, and has been used instead of sulphate 
of quinine, the good properties of which in many cases it 
eupphes at a much inferior cost. 

It was at one time thought that it was similar to 
morphia in its elements and their proportions, and the 
analyses of Maclagan and Tilley gave for it exactly the 
same formula ; but the more recent researches of Dr. 
A. von Planta show that they are not identical. 

Quinine, (Exhibitors 11, 806, 117.)— The bark of the 
various species of cinchona are well illustrated in 11, and 
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the coUection of the LondcHi druggistB. Theae o<mtiiii 
three vegetable alkalies, combined mth the oinchonie 
and cinchona^taimic acids. These aie quinine, djaf^ko- 
nine, and aiicine ; of these the quinine is by &r the most 
important^ and is generally eztraoted from the ydlow 
bark. The coarsely-powdeied bark is to be boiled 
eight to ten parts of water, to which two parts 
acid have been added. When the liqnor will diasoWe n^ 
more it is to be allowed to cool, and to be strained ; lim* 
is then to be added in veiy fine powder until the liquor 
has a marked alkaline reaction ; the prociptiaie is to be 
collected on a linen cloth, washed ouee or twice witk 
water, and then dried : from this boiling alcohol diaselvoa 
out quinine and dnohonine ; the solution being miiad 
with water, the alcohol may be distilled off and saved ; 
the residue is then to be neutralised by dilute salphune 
acid, and a slight excess added to form acid salts. On 
evaporating this liquor to the proper pointy the sulphttbe 
of quinine crystalhzes, whilst the stdphate of cindionine 
remains in solution. To obtain pure quinine, solution of 
sulphate of quinine is to be decomposed by caustic potaai^ 
and the white curdy precipitate, being carefaJly dried, is to 
be dissolved in the smallest possible quantity of i^irits «f 
wdne. By then allowing it to evaporate spontaneously iM 
a warm place the pure quinine crystallizes with an atom 
of combined water. 

Camphor, (IL)*— The common camphor is obtained from 
the Camphor laurel {Lawrua camph^ra), and the Dfydbth- 
lanopa oa$nphotr«y by distillation with water. The huge 
specimen of Borneo or native camphor exhibited is so 
highly prized by the Chinese that it fetches 78 times the 
price of common camphor, and therefore rarely oames te 
this country, this specimen being in ibot ahnost the OBiy 
one. 

Borax. (11.) — ^The borax series is also worth attenr 
tion, as it exhibits the boracic acid of Tuscany, from 
which moat of the borax used in England is nwde ; tiie 



tmc«I or natufal borax of Thibet ; artifieiAl ijooal, BJiow- 
ing bow that particular form of crjatal losy be imitated^ 
flad Bome otiier interesting specimens iJM>uld be ex- 
«mined. 

Mum and Copperas Series. (Exhibitors 4, 6, 7, 16, 17, 
18, 40.) — A him i« sometimes diacovered in a natural 
or native state ; it occurs in volcanic distnicts in the 
form of a white flecoulent powder, covering tbe surfisboe 
of the lava and other tracbjtic bodies abounding in such 
laealities. In this form it occurs in Auvergne in the 
m&aiii of France, in Sicily, and the volcanic islands on 
its n<«them coasts ; but mase particularly in the neigh- 
bourhood of Naples, in the Grotta di Alume, on Capo 
3ljfleno, and in the Sol&tara. From these localities it is 
eolleoted, and dissolved in water, whieli, after being allowed 
to deposit the eaitia^ impurities held in suspension, is 
•evaporated, in order to crystallize the alum whicb it 
contains. Large quantities are prepared in various looali- 
ties by the chemiori treatment of a mineral known by 
ihe name of alum-abone or almn*-roek. This i& a massive, 
granular, partially orystalliaed, taaemspareoot, and not bomo- 
geneouB rook^ whioh frequently encloses quartz — some- 
times iron pyrites and manganese ore. This mineral, 
wbidi is a basic sulphate of alumina united with sulphate 
of potash, is of a yellowisb colour, sometimes passing 
into green or brown, and is not imfrequently found in the 
form of distinct crystals. The ordinary alum-rock, although 
less pure than the crystallized varieties, has an ear\y 
aimilar composition, and occurs in considerable quan- 
tities, and in a massive sfeate, at Tolfet, near Civita Yeochia, 
in the Papal States ; at Montione, in the dukedom of 
JPiombino ; in the Comitats of Beregh and Zemplin, in 
Hungary ; at Mont-d'Or, in France ; and in some of the 
islands of the Greek Archipelago. 

Alum was originally made in Syria, and afterwards in 
the Pope's dominions, from, mineral deposits which, when 
w lc inftd^ yielded all the constituents of the alum, sul- 
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phuric acid, alumina, and potash. A small portum of 
article so manufactured is still imported as BMnaa akmt, 
and although not pure, its peculiar composition makes it 
suitable for some purposes. When, under the curse of iiie 
Vatican, the manufacture of alum was introduced into 
this country by Sir E. Chaloner, in the reign of Queen 
Elizabeth, and established at Whitby, in Yorkshire : the 
alum schist found there would only afford two of the 
three mineral constituents of alum ; sulphuric acid and 
alumina, ammonia or potash (either being equally sidt^ 
able) were, therefore, supplied artificially. An immense 
quantity of the schist is, however, necessary to afford the 
requisite quantity of almn (130 tons according to Dr. Ure^ 
only yielding one ton). The peculiar constituent of alum 
being abundant in many minerals it has been often at^ 
tempted by intelligent manufacturing chemists to bring 
all the constituents artificially together, and thus produce 
the article at less expense to meet the immensely increasing 
consumption. Chaptal, in France, attempted this long ago 
by exposing balls of burnt clay to sulphurous acid fames 
in a vitriol chamber ; the sulphate formed, soon by expo- 
sure became sulphate of alumina, and was then dissolved 
out, and converted into alum. 

In this country, clays have also been used, but not very 
successfully ; Messrs. Lees and Co., of Newcastle, being 
almost the only parties who, by great skill in the manu- 
facture, and aided by cheap fuel, have succeeded in main- 
taining their ground. 

In 1845, a patent was obtained by Mr. Spence for the 
manufacture of alum from the shale of the coal and iron- 
stone measures. This mineral lies in immense heaps 
aroimd all our coal and ironstone workings, and was per- 
fectly useless : I am not aware of its having ever been 
attempted to make any use of it before. It is a com- 
pound of varying proportions of silica, alumina, oxide of 
iron, and bituminous matter ; it contains no appreciable 
quantity of sulphur : after calcining it in the <^n air. 
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"witlicmt fuiiher preparation, the alumina is extracted by 
digesting the shale in diluted sulphuric acid, and running 
off the clear solution of sulphate of alumina of sujficient 
strength to crystallize alum, after adding ammonia or pot- 
ash, and no evaporation of the liquor is required ; thus 
avoiding a very expensive part of idl the other processes.. 
Tins manufacture is perfectly successful; four to five, 
thousand tons of alum have been produced annually at 
the Pendleton Works : three other firms are at work 
under the patent, and there is little doubt of its ulti- 
mately superseding the manufacture of alum by the other 
modes and materials. This will be apparent^ when it is 
stated, that there is actually produced one ton of alum 
from one ton of this otherwise useless and superabimdant 
miheraL 

Copperas is produced by digesting sulphuric acid on 
burnt pyrites, which have been used for producing sul- 
phuric acid, in place of sulphur. Any of the bisulphurets 
of iron suit the purpose, provided they contain no other 
metals. The pyrites collected around the Isle of Sheppy, 
and along the south-east coast of England, and extensively 
used in London for making sulphuric acid, are exceed- 
ingly suitable ; also the pyrites of the coal measures. One 
of the crystals of copperas shown is made by Messrs. G. 
Brown and Co., of Bow Common, who use both Sheppy and 
coal pyrites in their vitriol manufact\u%. 

Practically, by the patent process, the- pyrites yield cop- 
peras of first-rate quaUty (being a pure protosulphate of 
iron), equal in quantity to the original weight of the 
pyrites, and requires for this, less than one-half of the. 
sulphuric acid which has been obtained from it by burn- 
ing ; no evaporation is required, and the cost of the cop- 
peras is not above two-thirds of its cost by the old mode 
of manufacture. 

Eydratdic Mortar, (11.) — ^Refuse shale from the alum 
process, and refuse lime from gas purifying (which is of 
little use), are claimed by the patentee as constituents of 
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iSboB oement, and aibo the introduction of sine oxide, which 
is obtained as sulphate of zinc from the burnt Wicklow 
|»yrites. In the calcination of the materials, it is reduced 
to oxide, and by ita affinity for oxygen, prevents the oxid- 
ation of any iron present, and thus maintains a light stone 
colonr : it also prevents the growth of moss^ &c This 
cement is hydraulic, hardening under water. 

Salt (Exhibitors 30, 116 ; Class 1, 57, 58 ; and, in Class 
m., 118.) — Cheshire produces a large quantity of salt^ of 
which some fine masses of rock salt are exhibited. 

At Droitwieh, Worcestershire, the salt manu&ctuie has 
been in operation from a very early period. It is mentioned 
by oM writers at the time of the Roman invasion ; but was 
oarried on in a very primitive form, and at considerable 
expense. 

The brine springs here extend over a very limited space 
of land, and are comprised within a circle of about 20O 
yards diameter. The brine was formerly obtained by- 
boring, which then rose to the sur&ce, and ran away to 
waste ; but coming through and mixing with the fresh- 
water springs, it was lowered in strength. Consequently, 
the manu&oture of salt (which is obtained by evaporation) 
was attended with great expense, from the quantity of fuel 
required to vaporise the water. Within the last fifty years 
an improvement was effected by casing the pit with wood, 
and thus partially preventing the fresh water mixing with 
the brine. More recently, the principle was introduced of 
sinking quite through the fresh-water springs, and then 
making the bottom and sides of the pit secure with iron 
cylinders before boring down to the brine springs. By this 
means the brine is obtained at ftill saturation, or about 42 
parts of salt in the 100, whereas formerly it averaged from 
28 to 37. 

The body of brine in Droitwich is inexhaustible, and 
exhibits no diminution in strength or quality. It lies at a 
depth of 173 feet from the surfeoe ; but as soon as it is 
reached by boring, it rises to the surface. 



The salt maamfaciaivd is exported largely Irem. tibe 
poiis of London, Glotraester, and Bristol Tkero is now 
upwards of 70,000 tons per annum made in Droitwich ; 
40,000 ton» of which are used for domestic or agrioaltural 
purposes, the remainder chiefly for chemical manufeicture 
and eiportafaon. 

OrehU^Cku&goK. (68. See also Vegetable Dyes, p^ 163.) 
•— Ordiil and cudbear are vsrieus forms of colouring matter 
prapared fiwm liidiens- by the action of ammonia. 

It 18 a miiBtaike to suppose, as is usual, that the dis- 
tmction of blue and red in those articles is occasioned 
meirely by excess of alkaU in one case, and deficiency in 
the other. The diffezence is brought about by modes of 
loeparafcion diverse in character, and the two forms of 
colouring matter are quite distmet in chemical composition. 
The blue form of orchil is allied to litmus in its nature 
and properties. Cudbear is a dry form of these matters 
reduced to powder. 

These colours do not sucoeed well as pigments, being 
rather heavy and dull when dry, though extremely beautifid 
when moist There are a few specimens illustrative of such 
application in the bouquet of flowers in wax exhibited ; 
carbonate of barytes being employed to preserve the pe- 
cuhar hue of the colours. 

The ooloiirs of the feather flowers are more successful, 
feathers, like most animal matters, taking the dye pretty 
easily. Marble is easily stained by orchil, particularly by 
the blue kind, and the eflect is very beautiful It is merely 
necessary to apply the solution to the surfece (not po- 
lished), and in a few hours it will penetrate frequently to 
the depth of an inch. 

We beheve that the application to woodnstaining 
might be carried out to greater extent than at present. 
The specimens exhibited show some of the varieties of 
tint which may be obtained in this way. When blue 
orchil is employed alone, and then varnished, the result is 
a colour approaching to that of rosewood, as the varnish 
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acts upon the colouring matter, and alters its hue. By 
washing the sur&ce of the wood oyer with a solution of 
soda, after staining it with the blue orchil, and defendiiig 
it by a coating of the ammoniacal sheQ-lac varnish, we 
have succeeded very well in preserving the purple tint. 

It was generally supposed by the manufacturer, tall 
within the last 10 or 12 years, that all lichens applicable 
to the production of orchil grew upon the bore aurhcea 
of rocks. This is now proved to be an error, for t]i« 
orchilla weed from Angola^ which is peculiarly rich in 
colouring-matter, grows panusitically upon a species of 
thorn. Within the last few months a description has 
been imported from Angola which does grow upon 
rocks; but this is quite different in structure to iiiat 
first mentioned as growing upon trees. Dr. lindley 
considers this first mentioned to be a ^ ramdlinay not 
apparently different from Ramalina fariivacea^^^ and re- 
commends the trial of British ramalinas to ascertain if 
some of them do not likewise contain the same or 
analogous colouring principles. 

The following is a list of the principal varieties of the 
Lichens exhibited : — 

Angola Orchilla Weed {Roeella montagnet), from Angola, coast of 

Africa. 
Thick Lima Weed (Roeella tinctoria), from Lima, South America. 
Lima Weed (Roeella fuciformis), 

Canary Orchilla Weed {Roeella tmctona), from Canary Islands. 
Canary Rock Moss (Peremela perlata), from Canary Islands. 
Pustulatiis Moss (Cryrophora pustulata), from Norway. 
Cape de Verd Moss (Roeella Unetoria), from Cape de Verd 

Islands. 

The pecuHarities of these colouring matters have been 
fully investigated by Pfofessor Stenhouse and Dr. Schunck. 
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Cla3S II. — Chemical and Pharmaceutical Products. 

Division 2. 
Iodine. (Exhibitors 11, 33, 37, 86, 89.)— This substance 
waa discovered by Oourtois, a soap-boiler of Pans, in the 
vessels containing the soap ley, obtained from a solution 
of the alkali contained in the ashes of sea-weed. 

This substance may be procured by drying and powder- 
ling common sea-weed, and heating it with sulphuric acid. 
A violet-coloured vapour rises, which, if received in a cool 
vessel, will condense on its sides, and will form scaly crys- 
tals of a somewhat metallic lustre. These crystals are the 
substance in question. From the violet colour of its 
vapour it is called iodine. When exposed to the air at 
common temperatures, it volatilises slowly but completely, 
but in close vessels it requires the application of heat for 
evaporation. At a heat a Httle above that of boiling 
water it melts ; at 350° it boils and evaporates in a violet- 
coloured vapour, almost exactly the colour of the vapour 
discharged from indigo thrown[on hot iron. It crystaUizes 
as it cools. Iodine is largely contained in kelp (the semi- 
fused ashes of sea-weed), and it may be economically pre- 
pared from the brown oily-looking Uquor which is the 
waste of the soap manufacture, and in which all the iodine 
originally contained in the kelp used in that manufacture 
is to be found. 

Every eight ounces, apothecaries' measure, are to be 
mixed hot with one ounce measure of sulphuric acid, di- 
luted with its bulk of water. When cold, filter the liquor, 
add 666 grains of black oxide of manganese, and introduce 
the whole into a large glass globe, over the wide neck of 
which another is to be inverted and kept cool, while the 
bottom of the lower one is heated by burning charcoal to 
I- o 
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about 232^'. Iodine now sublimes copiously, and is readily 
condensed in the upper vessel From the above quanti- 
ties about one drachm troy will be obtained. 

Bromine. (Exhibitors 37, 60.) — ^This peculiarly interest- 
ing substance was discovered by M. Balard, of Montpefior, 
and the first description of its propertifis appeared in the 
^Annaies de Chimie et de Fhymque'" for August, 1826. 
The name originally applied to it was muriate, but it lum 
been since changed to brome, a word derived from the 
Greek, signifying a strong or rank odour. This appellakaoii 
may be conveniently changed in English to that of biT>- 
mine. Bromine in its chemical relations bears a doBS 
analogy to chlorine and iodine, and has hithOTto been, 
always found in nature associated with the former, and 
sometimes also with the latter. It exists in sea-water in 
the form of hydrobrome, and combined, in the opinion of 
M. Balard, with magnesia. Its relative quantity, however, 
is very minute ; and even the uncrystallizable residue 
called bittern, left after the muriate of soda has been 
separated &om sea-water by crystallization, contains it in 
small proportion. It may apparently be regarded as an 
essential ingredient of the saline matter of the ocean, for 
it has been detected in the waters of the Mediterranean, 
Baltic, North Sea, and Frith of Forth. It has also been 
found in the waters of the Dead Sea, and in a variety of 
salt springs in Germany. M. Rdard found that it existe 
in marine plants growing on the shores of the Mediterra- 
nean, and he has procured it in appreciable quantity from 
the ashes of the sea-weeds that furnish iodine. He has 
likewise detected its presence in the ashes of some ani- 
mals, especially in those of the Jcmthina viciatea one of the 
testaceous mollusoa. At common temperatures bromine 
is a liquid, ihe colour of which is blackish-r^ when 
viewed in moss, and by reflected light, but appears hyft» 
cinth-red when a thin stratum is interposed between the 
light and the observer. Its odour, which 8omewh«^4^ 
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sembles that of oUorine, is very disagreeable, and ItB taste, 
powerful. 

Indigo, (ExliibitorB 67, 68.) — Indigo may be said to b© 
a rare production of the vegetable kii^dom, it hitherto' 
having been found only in a small nimiber of specicB ibe*< 
longing to the genera Indigoferu, Imtis, and Nereum ; bnt it 
is aknost exclusively from the first of these that the indagQ 
of commerce is extracted. The species of indigofei^Aie. 
leguminous plants, herbaceous or shrubby, with altersnte 
and generally pinnate leaves, and small bhie, pujple, or 
whiteflowe«,ordmarUydi8poe6dmari]lary«ceiiii«. Ttey 
are very numerous in the equatorial re^ons of the glolMt. 
The species most cultivated are the /. cmU, a nvtive of 
tropical America, according to the latest authority, but 
now cultivated even in the East Indies ; the /. tinctari» 
also cultivated in both Indies ; and the /, argentea, which 
is the species employed in Barbary and l^gypt. TheZ 
tinctoria is the species most abundantly cultivated. Indigo 
is prepared in the following manner : — 

The plant is allowed to stand until it is fuOy in blosaoina, 
when it is cut down with reap-hooks, tied in loads, . and. 
carried to the works, where it is deposited in strata in the 
steeping-vat. As soon as the vat is filled with the green: 
plant, water is admitted sufficient to cover it, and the 
whole is left to digest and ferment, until the greatest part 
of the pulp is extracted, without letting the tender tc^ 
run to putrefaction. It is the management of this pokrt 
which occasions the planter the greatest difficulty ; i^yt 
if he draws off the water but two hours too soon, he wifl- 
inevitably lose the greatest part of the pulp; and if 13ie 
fermentation runs but two hours too long, the whele is 
spoiled. To ascertain the due degree of fomentation, the 
workman draws out, from time to time, a handful of the 
plant ; and when he finds the tops grow very tender and 
pale, and observes the stronger leaves change their colour 
to a less lively pale, he draws the liquor off without delay. 

o2 
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An experienced manufacturer will also form a tolerable 
estimate of the degree of fermentation by the grain of the 
infusion, of which he frequently beats a little in a silver 
oup. When the pulp is believed to be extracted, the 
infusion is drawn off into the beating-vat ; after which it 
is treated in a manner similar to that above described. 
It is computed that British India suppUes three-fourths of 
all the indigo brought into European markets. 

Artificial UltraTnarine, (Exhibitors 9, 33, 63.)— This 
very interesting preparation was accidentally discovered 
by Guimet, from the circumstance of a veiy beautiful 
blue colour having been observed in an alkali furnace. 
It is made by heating carefully carbonate of soda, sulphur, 
and porcelain clay. The analysis of the best specimens 
shows the composition of the ultramarine to be silica, 
soda, and alumina, with a trace of iron ; the colour, in all 
probabihty, depending upon the formation of a sulphuret 
of iron. Everything, however, depends upon the chai-acter 
of the clay employed, and several nice points of mani- 
pulation, which it is impossible to describe. This colour 
is most extensively employed by the caUco-printer and by 
the artist ; the former preferring that variety which has 
a tendency towards a purple, while the artist desires 
that which is a pure blue without a trace of red in its 
composition. The true ultramarine ia> prepared from the 
lapis lazuli, the finest specimens being sold for as many 
pounds the ounce, as the artificial is shillings for the 
pound ; and there is but little doubt but they are both 
equally permanent colours. 

Naphthaline from Coal ; Mineral Oil ; Paraffine, (Exhi- 
bitors 5, 7.) — ^Naphthaline is obtained by decomposing 
organic substances by heat. It is obtained abundantly by 
rectifying coal-gas tar, and it crystallizes in white silvery 
plates. This peculiar compound of carbon and hydrogen 
is. chemically interesting, from the numerous products 
to which it gives rise when treated with alkalies and acids. 



r 
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The mineral oil exhibited is a bituminous fluid which 
flows in considerable quantity from a bed of coaL It is, 
no doubt, the result of a natural decomposition, and is ex- 
ceedingly rich in paraffine, which is another of the hydro- 
carbon compounds. 

Paraffine is an important constituent of tar, particularly 
that which is obtained by the destructive distillation of 
wood. It is white, crystallizes in brilliant plates, fuses 
at lll'^ Fahr., and may be distilled without under- 
going any change. Ether and alcohol dissolve it ; but 
it is scarcely acted upon by reagents, whence its name 
jparum affinis. 

No. 23 is an exhibitor of nitrate of potash and am- 
monia; both the muriate (sal ammoniac) and the carbonate 
(smelling salts) are made from the ammoniacal liquor of the 
gas-works. 

Colouring Matters and Preparations used for Dyeing. (9.) 
— ^A considerable variety of preparations are exhibited, 
many of them new, for producing colour upon cotton 
linen, silk, and wool : these merit a close examination. 

We have already referred to the uses of the orchilla weed 
(10) : the following remarks on its use in dyeing, are of 
interest : — 

With respect to the application of the colouring matters, 
prepared from the orchilla weed, it may be stated that 
where great bloom is required by the dyer, orchil is gene- 
rally preferred, though the colour is perhaps not quite so 
permanent as that of cudbear. 

Blue orchil is used for violets and lavenders on silks, 
and also for the bluing of whites, being united for this pur- 
pose with soap. 

Red orchil is used for purple and crimson shades ; very 
pure and bright colours being required for silk. 

Both paste orchil and cudbear are used for the dyeing 
of wool and worsted, in cloth, stuff, and fancy goods ; 
sometimes alone, but more frequently as an element in 
compound dyes, such as in violets and lavenders with 
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iadfigo^ drabs with extract of indii^ and fufltic, clarets 
.mid browBS with peachwood, &c 

Indigo bhwB are soneiLDOieB dyed first with cudbear, 
• and then bloomed with orchil, and the colour of the piece 
is by this means considerably improyed, and is not less 
durable than when indigo alone is employed. Yet preju- 
dice, with the idea of having nothing but a genuine colour, 
would frequently withhold the use of that which, used in 
moderation, is not detrimental, but decidedly usefuL 

Weed orchil is preferred for some purposes : by putting 
the weed into a pretty open bag, the colouring matter can 
easily be boiled without risk of the shreds of weed being 
introduced into the goods. 

Blue liquid orchil is used for staining leather and wood, 
and mixed with lime for colouring the walls of houses. 

Concentrated liquid orchil is used by the woollen printer 
for chocolate and dahlia shades. 

Many attempts have been made to accomplish the 
dyeing and printing of cotton with these colouring 
matters. 

It was thought possible, by means of acids, so to alter 
the nature of cotton as to render it similar in character to 
animal wool : the term animalization has been apphed to 
this process. And it may be as well perhaps to state 
here that vegetable substances generally exhibit little or 
no disposition to unite with these dyeing matters. The 
(treatment by acids did not succeed, the cotton refusing 
to undergo the desired metamorphosis. 

The plan of M. Brocquet, as exhibited at the last French 
.Exposition, attracted some attention. It consisted in 
preparing the piece on the warp with albumen or solution 
of casein, which then took the colour tolerably well ; but 
the colour was not sufficiently permanent, and would not 
bear washing. 

Lately, Mr. Thomas Lightfoot, of the Broad Oak Print 
Works, Lancashire, has discovered that cotton prepared 
.with oily matters, as in the Turkey-red process, exhibits 
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an exkaordmaiy attraction for the orchil colour. The 
boautifal dahlia shades printed by Messrs. Hargreaves 
Brothers and Co. are obtained in this way. The process 
is patented. 

On thin muslin the effect is perhaps not suf&cdently 
intense ; but it is probable that by the application of the 
improved process for condensing the fibres of cotton, as 
recently patented by Mr. John Mercer, in conjunction with 
"tihe process of Mr. Lightfoot, that this desideratum might 
be obtained. 

BtannateSy with Models of Apparatus, (7.)- — The common 
iin^tone, the usual ore of tin in CornwsJl, is a peroxide 
of that metal. By acting upon this by an alkali, it 
pkys the part of an aci(^ and combines : thus is pro- 
duced those very beautiful crystals of stannate of soda 
exhibited ; which {reparation is now employed most ex^ 
tensively as a mordant by the calico-printers. 

Lactme-^Sitgar of Milk. (100a.) — ^This remarkable sub- 
stance is obtained only from the milk of the mammalia. 
It is procured by evaporating whey to a pelhcle, and 
setting it aside to cool, when the sugar crystallizes in 
square prisms. Those exhibited are remarkably fine spe- 
cimens : it is composed of carbon, 24 ; hydrogen, 24, and 
oxygen, 24. By being digested with dilute sulphuric 
acid, it is converted into grape sugar ; and its reactions 
are peculiar. For these any good chemical treatise is 
referred to. A peculiarity in the specimens exhibited is, 
that the crystalhzation was effected at three different 
temperatures, 160^, 120°, 5Q^ Fahrenheit, in the dark. 

Stamed Woods. (Exhibitors 35, 39, 65, 74.)— Solutions 
of chemical compounds have here been made to penetrate 
..the wood. Many of them are effective ; the natural grain 
. of the wood beiug preserved, notwithstanding the artifi- 
cial colour given to it. Many of these would form beau- 
tiful substitutes for the labours of the grainer of wood* 

Figments. (Exhibitors 1, 28,48, 78, 92.)— Beyond the 
colours already noticed in this Class, there are a few others. 
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The mineral blue colours are for the most part com- 
pounds of iron and cyanogen. They are prepared by the 
addition of a salt of iron to a solution of ferrocyanide of 
potassium, usually known by the name of prussite of 
potash, as already described. The colours thus obtained 
are known in the trade under the names of Chinese or 
Prussian blues — the only difference existing between the 
two being occasioned by the admixture of a certain 
portion of alumina with the latter kind. The alumina in 
this instance merely serves to dilute the colour and gi^ve 
it additional weight. These blues, besides being exten- 
sively employed by painters and artists, are used in large 
quantities by paper-makers and paper-stainers. Most of 
the greens exhibited are salts of copper ; there are, how- 
ever, some exceptions. Brunswick green is prepared by 
mixing together in variable proportions the yellow chro- 
mates of lead and Prussian blue — ^more or less sulphate 
of barytes or Paris white, being at the same time added, 
in accordance with the shade and strength of the colour 
intended to be made. 

Among the salts of copper may be mentioned Scheele's, 
or emerald green, the verditers, and natural green, or 
ground malachite. Scheele's green is an arsenite of copper, 
prepared by adding a hot solution of arsenite of soda to 
a nearly-saturated solution of sulphate of copper, which 
for this purpose should be perfectly pure. When the pre- 
cipitation of the copper salt has been completely deter- 
mined, a certain portion of acetic acid is added to the 
mixture : this liquid has the property of greatly adding 
to the brilliancy of the colour produced ; but in what pre- 
cise way this is effected, chemists have not, as yet, satis- 
factorily determined. The colour obtained is a beautifiil 
and delicate green tint, but possesses Uttle body. This 
■pigment, like most of the other compoimds of coppwr 
and arsenic, is of a highly-poisonous nature, and the most 
lamentable results have in more than one instance resulted 
from its employment in the colouring of the fancy sweet- 
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meats, &c. Verditer, although of a green colour, is far 
less delicate in tint than that just described : it is made 
by the addition of milk of lime to a solution of sulphate 
of copper, and is chiefly employed by paper-stainers in 
the preparation of the commoner kinds of coloured 
papers. 

Vermilion is among the finer colours. This is a com- 
pound of sulphur and mercury, which occurs in nature as 
a common ore of quicksilver, cinnabar, and is prepared 
by the chemist as a pigment, under the name of ver- 
milion. This substance is a bisulphuret of mercury ; and 
being, on account of the beauty of its colour, extensively 
employed in painting, making red seaHng-wax, and for 
many other purposes, the preparation of the artificial 
variety has become the object of an extensive and im- 
portant manufacture. 

The usual process is to heat together, in a large earthen- 
ware or iron pot, a mixture of sulphur and metallic mer- 
cury, in the proportion of 150 of the former to 1,080 of 
the latter. When vermiUon is prepared by subHmation, 
it forms into masses of considerable thickness, concave on 
one side, and convex on the other, of a needle-form. On 
being finely pulverised, however, it assumes a lively red 
<5olour, of which the brilhancy, in a great measure, depends 
on the fineness of the state of division to which the sul- 
phuret is reduced. 

Lakes — Lac Dyes. (Exhibitors 68—92.) Under this title 
are comprised all those colours which consist of a vegeta- 
ble or animal dye, as from madder, safflower, and cochi- 
neal, combined by precipitation with a white earthy base, 
which is usually alumina. The method of preparation is 
to add to the coloured infiision a solution of common alum, 
or a solution of alum saturated with potash. At first only 
a slight precipitate falls, consisting of alumina and the 
colouring matter ; but on adding potash a copious precipi- 
tation ensues of the alumina associated with the dye. 
When the dyes are not injured, but on the contrary im- 
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proved, by the presence of alkalies, the above process is 
reversed : the decoction of dye-stuff is made with aUuliue 
liquors, and after it is ^ered a cleax solution of afanu 
is poured into it. A third prooess is applicable o!Bly 
to substances having a great afiSnity for sobsu^hate of 
alumina : this consists in agitating recently-precipitated 
-alumina with a decoction of i^e dye. 

Yellow Jakes are coloured either with decoctions of 
French or Persian berries, quercitron bark, or annatto; the 
red and scarlet lakes are cochineal, or. madder ; and a kind 
of brown lake is prepared from the liquor obtained by the 
maceration of finely-chopped Brazil-wood. 

Carmine is merely another, name for an exceedingly bril- 
liant variety of lake, in which the colouring principle is 
derived from cochineal, which is the.jEemale of a species of 
insect very abundant in Mexico, where it is found adhering 
in large quantities to the young shoots of the cactus opim- 
tia or nopal tree. 

The insects are collected by women, who brush them off 
. the plants with the tail of a squirrel ; they are then killed 
by being thrown into boiling water, or placed in ovens and 
dried in the sun. Those killed by the latter method, called 
in commerce " silvery," fetch the highest price — the white 
powder covering the insect being still r^tamedt* The quan- 
tity of the cochineal insect exported from South America 
does not amount to less annually than 500,000?. 

Kermes — ^the scarlet grain of Poland — ^lao-lake, lac-dye, 
and all the modifications of gum-lac, are the secretions of 
. insects, or the insects themselves dried. Kermes is the 
Oocctis iUicis, and is found abundantly on a, species of ever- 
green oak (Quercm cocci/era). The scarlet grain of Poland 
is the Coccvs Fdonicm, and is found on the roots of a plsmt 
growing abimdantly in the northrcast of Europe. Lac is a 
secretion from a «pecies of coccus inhabiting India, where 
it is found in abimdance. In its native state it is called 
stick-lac — when separated from the twig and powdered, 
seetmac, and when mektodsheU^ac. Lac-lake is i^e colour- i 
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ing^mattear of. s^ib^oc, precipitated from an alibaline lixivium 
by means of alum. 

Dfied Pharmaceutical Indigenous Plants^ in glass vessels, 
-^th extracts^. powders, &c. (90.) — ^The colour, aroma, a»d 
active principles of the plants are admirably preserved : the • 
bkMBoms and leaves of many of them are seen fully ex^* 
panded, and look quite fresh, showing the great care which 
has been bestowed on their preparation. There are also 
some fine specimens of pharmaceutical extraets, prepared 
with suoh care as always to insure one uniform strength. . 
• The powders ofBonwn digiialisy and other plants, are very 
fine preparations^ and the roots, &c. are well preserved. 
The exhibitor is well known for the excellence of his phar- 
maceutical preparations. ITie specimen of dried immature 
poppy capsules, cut and dried before being injured by the 
effects of the atmosphere by standing too long, as they 
usually are, are worthy of attention. The extract and 
syrup made from them are always of one uniform strength^ 
and possess very active properties. It too often happens 
that the medicinal properties of the plant are injured by 
the careless manner in which they are collected and pre- 
served. This is a subject of much importance to the 
medical man. 

Bicarbonate of Magnesia. (Exhibitors 51, 87.)— If car- 
bonate of magnesia is placed in water, it is found to be 
nearly insoluble ; but if carbonic acid is forced through 
the water, it is dissolved by the agency of the carbonic 
add in excess : this constitutes the fluid magnesia. 

English Rhubarh. (98.) — Of this peculiar variety Dr. 
Bereira gives the following interesting account : — ^^ This 
is the produce of Rheum rhapontictvm^ cultivated in the 
neighbourhood of Banbury, in Oxfordshire. The history 
of this rhubarb is not a little curious. It appears that 
Mr. Wilham Hayward, an apothecary at Banbury, was the 
original cultivator of rhubarb in that locality. From his 
own statement it appears that he began to cultivate it 
about the year 1777. In 1789 he obtained a silver medal 
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and in 1794 a gold medal, from the Society of Arts, for the 
ctdtivation of what he terms the * true Turkey rhubarb,* 
the plant for which the Society offered the premium 
being the * i?. palmatum, or true rhubarb.' Mr. Hayward 
died in 1811, and his plants were purchased by the -fother 
of one of the present cultivators. At present there ore 
three cultivators of Banbury rhubarb, viz., Mr. R Usher, 
of Overthorpe and Bodicott ; Mr. T. Tristian, of Milcombe 
(joint exhibitors) ; and Mr. E. Hughes, of Neithorp. These 
parties grow altogether about 12 acres of rhubarb. Only 
one species is cultivated, and that I j&nd to be i?. rhaponti- 
cum, . . . Mr. Usher states that no other species was 
ever cultivated at Banbury ; and that he cannot produce 
EngUsh rhubarb from the * giant rhubarb' or any other 
sort. The rhubarb is obtained from roots of three or four 
years old ; they are dug up in October or November, freed 
from dirt, deprived of their outer coat by a sharp knife, 
exposed to the sun and air for a few days, and dried on 
basket-work in drying-houses heated by stone pipes or 
brick flues." 

Chloroform. (Exhibitors 93, 104.) — ^This preparation has 
assumed great importance from its peculiar properties. 
Its narcotic or anesthetic powers are very great. If a 
sponge or handkerchief, moistened with chloroform, be 
held under the mouth and nose, so that the inspired air 
shall become mixed with a large portion of the chloro* 
form vapour, total insensibiUty supervenes after a few 
minutes ; insensibihty to pain accompanies this state, and 
hence its use during painful operations. It is prepared by 
distilling alcohol from chloride of lime mixed with water : ^} 

it is consequently a compoxmd of carbon, hydrogen, and 
chlorine. 

The Pharmaceutical articles exhibited by the London 
druggists (117) and others, 79, 81, 83, 85, 90, 93, 94, 95, 96, 
97, 102, 103, 108, 110, 114, 115, 116. In the coUection by 
the London druggists wiU be found some very interesting 
specimens of roots, barks, leaves, seeds, &c., used medi* 
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ckially ; and some animal productions, as castor and cod- 
liver oil, cantharides, &c., will also be found. It is quite 
impossible to describe each article exhibited, and useless to 
make any selection. A careful examination of the spe- 
cim^jBis is recommended to those who are interested in the 
sujbjaet, and reference to the Materia Medica of Dr. Pereira 
for information. 

Miscellaneous. — ^Under this general head we would refer 
to the series of bank checks (36) on tinted paper> the 
object being to produce a change of colour when any acid 
is applied for the purpose of removing the ink for any 
fraudulent design ; a chemical production (101) to impart 
" a silvery hue to drawings" — an effect, we beheve, from 
the specimens exhibited, to be produced by washing the 
drawings with a solution of a salt of lead ; refined salt- 
petre (19), from the East Indies ; royal premier blacking 
(22) ; shaving cream (25) ; and myrrhine aids to the 
digestive organs (105) — show the varieties which are 
grouped under this class. 

Attention should be particularly directed to the beauti- 
ful masses of crystals which are in the Main Avenue, and 
at the bottom of the stairs leading from that section of 
the South Gallery which includes the Chemicals. As 
illustrations of the scale on which the substances ex- 
hibited are manufactured, these are very remarkable. 

Process fat" deeming Deeds, &c^ injured by Fire, (26.) — 
The specimens exhibited show an indenture that was 
taken from the ruins of the great fire at Lincoln's Inn, 
January 14th, 1849. The restored half (without having 
been separated from the dirty half) is cleansed, and flexi- 
bihty imparted to it ; it had been hard, homy, and brittle, 
from the effects of the fire and water — any ordinary 
attempt to open it, breaking it. The writing has sustained 
no injury. 

Two leaves of a book, and two leaves of the 'Jurist' 
newspaper, and other portions of parchment, taken from 
thfl same fire, which have been injured by fire and water, &c. 
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- A map and MTeral engravings, injioed hf- age^ smoke, 
mildew, water, and dirt, &c^ the whole having been in the 
dirty state-^he halves deansed. 

The exhibitor draws the attention of the pubhe to the 
advantages attending the process disooveved by him, of 
deaaing, restoring, and repairing pap^ and paichmei^ 
injured by different causes, without any detrimental effect 
to either the pajyer, parchment, or ink ; on the contrary, 
his process imparts flexibiMty to parchment, and strength 
to paper; parchment injured by fire, and other causes, 
becoming so brittle that if was impossible to apsa it, and 
psuper losing its strength. Ihe process has been tested, 
and employed on many of the documents recovered from 
the great fire at Lincoln's Inn, giving entire satislaetion. 



[ :303 ] 



Glass XXVIII. — ^Mawutactures from Vegetable and 
• Animal Bubstances. 

Position of Class. — lumbers referring to WEST. 
FUlars, North Gallery, between F. G. 26 and T'tTls 
32, the Porcelain Group, Class 25, being to ? — ? Ij "]• 

the East of it and the Cutlery, Class 21, to the I i to i 

Weft. Ills 

The whole group is so small that it g | csl"^ o 
requires no subdivision. 5 | i [^ 5o 
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OaoutcJwuc Manufactures. (Exhibi- • \ 
tors 72, 73, 76, 77, 78, 81, 82, 83.)— | p-j 
The variety of forms under which ? f~~GM»o~~I~l8 
India-rubber is exhibited sufficiently « — =— * — " — f^?- 
testify to the value of this curious sub- ^mt. J^ | r 
stance, as an article adapted for manu- i^^i^ 

factures. Caoutchouc is the milky and 
resinous, sap found in many plants, but especially derived 
from species of Siphonia, a genus belonging to the Spui^ 
family ; of Urceola and Vahea, genera of the dogbane 
family, and certain trees of the fig kind, especially Ficus 
elastica. The beet caoutchouc is that procured from a 
Biphonia, a tree indigenous in Central America. The 
Urceda elastica is a creeping shrub, a native of the Indian 
Islajxds ; and the Ficus elastica, a tree of the mainland of 
India and the neighbouring countries to the eastward. The 
South American kind was that first known in Europe ; but 
its origin and uses were not understood until the eariy 
part of the last century. The bottles of India-rubber had 
been previously regarded merely as curiosities. They are 
made by spreading the milky juice, as it fiows from the 
wounded tree, oa moulds of clay, sometimes fantastically 
shaped. There are some curious examples in the £khibi- 
tioQ. These ace dried over a exooky fire, and repainted 
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with fresh layers of juice, which are successively dried 
until sufficient thickness be attained. The large solid flat 
masses are prepared in a different manner. The prodoct 
so procured attains different degrees of solidity. It is 
appHed to manufactures in various ways. • It may be dis- 
solved in some menstruum, such as naphtha^ or spirits of 
turpentine, (in which state it is called varnish,) or with a 
small quantity of solvent in the state of dough, it is 
spread upon cloth, from which it may be stripped, and 
forms sheets 50 inches wide and 100 feet long ; or sheets 
may be made by kneading the rubber in powerful ma- 
chinery, and, whilst hot, forcing it into oblong blocks, from 
which veneers or sheets may be cut. But the greatest 
improvement in its treatment and manufacture was the 
discovery of vulcanizing, a term apphed to a i)eculiar 
amalgamation with sulphur by means of heat, when it 
obtains new properties, and retains any form that may be 
given to it by pressure during the process of vulcanizing, 
a discovery made by Mr. Thomas Hancock in 1843. " A 
sheet of caoutchouc immersed in melted sulphur absorbs 
a portion of it, and if continued at a higher temperature 
it undergoes some important changes in many of its cha- 
racteristic properties. It is no longer affected by chmatic 
temperature ; it is neither hardened by cold, nor softened 
by any heat which would not destroy it. It ceases to be 
soluble in the solvents of common caoutchouc, while its 
elasticity becomes greatly augmented and permanent. The 
same effect may be produced by kneading sulphur into 
caoutchouc by means of powerful rollers, and then subject- 
ing the compound to similar degrees of heat." — Brockedon. 
The collections exhibited display the material in its raw- 
state, and variously combined with cloths, and vulcanized. 
Among the more curious applic^jtions of it may be noticed 
the purchases for the raising and sustaining weights, and 
obtaining pressure. The elastic bow-strings (72), India- 
rubber portable boats (81), and shower-baths (83), show 
some of the numerous uses to which it has been turned hj 
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Maekintosh and Co. (76). The series of specimens of 
South American caoutchouc (78) are well worthy of 
stttdy^ This substance was not imported into Britain 
to any considerable extent until within the last twenty 
ye^ars. According to the exhibitor of the Liverpool 
imports, IKX) tons of it were brought from Maranham to 
Liverpool in 1850, being nearly five times the amount 
imported during the preceding year. 

Various manufactures of elastic cloths, &c., are exhibited, 
into most of which caoutchouc enters. 

GutH Feroha Manuftictures, (Exhibitors 85, 86, 87, 90.) 
— ^A very few years ago this substance, now so useful, was 
either unknown or r^arded as a mere curiosity, and the 
tree from which it was derived had not been discovered. 
We now know that it is a kind of caoutchouc, the inspis- 
sated milky juice of the Isonandra gutta — ^found between 
the bark and the wood — ^a tree of slow growtl^ belong- 
ing to the natural order Sapotacecp, and indigenous in the 
Lidian Archipelago. This substance becomes soft in 
boiling water, and may be moulded into any shape, and 
converted into most useful vessels, tubes, and instruments, 
that are not intended to be used at a temperature above 50^. 
It is manipulated when soft with great facility, and can be 
pressed in moulds into any required shape. Combined 
with colouring matter, it may be converted into imitations 
of various substances, and even metals. Besides numerous 
ornamental applications, others of a more useful character 
may be noticed — such as carboys for holding acid, wash- 
basins, ear-trumpets, whips, stethoscopes, tubes for invert- 
ing the wires of electric telegraphs, hats, dolls, and even 
into shoes for horses and constables' staves. 

VeffetaUe Ivory, (Exhibitors 28, 47.) — ^The curious and 
beautiful substance Out of which the ornaments here ex- 
hibited are carved, is the seed of a species of palm, the 
Phytdephas, a member of the screw-palm tribe. It is com- 
monly called, in Peru, the Taqua, and also Negro's head. 
The value of the substance of the seed for trinket-making 
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haa been long known to the natiyeB of the regicm tlirooi^ 
which the river Magdalena flows^ where these trees aie 
abundant. It is only within a oompaiatively short time 
.that it has been emi^oyed for turning in Europe. The 
hard white interior of the seed is the aJbumen stored up 
for the use of the embzyo plant. At first this is a traiMh 
parent fluid, but eventually, after becoming milky and 
opaque, it becomes solidified. When the seed germinates, 
the hard albumen becomes gradually changed as it is 
absorbed by the embryo plant. Handles for waUdng-sticks 
and umbrellas, buttons, &c., are made out of it, as well as 
very beautiful toys. 

M(mu/aeture9 of Cocoor-nut Fibre, (Exhibitors 39, 40, 43.) 
Coir, or fibre of the husk of the cocoa-nut, is a substance 
highly valuable for manufacturing processes. The husk is 
the main body of the fruit, the part we eat being properly 
a portion of the seed, its albumen, similar to the substance 
used for carving in the vegetable-ivory nut, also the seed of 
a palm. The husk i& pulled to pieces and the fibrous por- 
tion completely separated from the rest of its substance in 
order to make coir. It is then one of the strongest vege- 
table substances known, and is lai*gely used in the East for 
the manufacture of ropes and cables, and even of a coarse 
sail-cloth. Here we have it converted into mats, coarse 
and fine, and even into ladies' bonnets. In an uncombined 
state it is used for the stuffing of mattresses, and converted 
into a sort of vegetable hair. One case (40) shows all the 
stages of conversion of the cocoa-nut husk into coir. 
. Manufactures are shown (39) made from a mixture of coir and 
Manilla hemp. The latter substance is the fibre of Muaa 
textilis, a species of plantain, and not to be confounded with 
our hemp Ca/nnahis sativa, a plant of a very different 
tribe. 

BrmJiea (Exhibitors 3, 21, 29, 34, 52, 55a, 58, 6X, 67, 68, 
161, 181) are displayed in great number and variety. Not 
a few are exhibited on account of peculiarities in the mode 
of fixing the bristles. Among them are some (58) described 
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as eheap aad durable, remarkable for being coostructed of 
quills split into bristles^ and othera in whidi the DOiaterial 
used for the same purpose is cocoa-nut fibre. 

The various articles for the toilet are here exhibited 
(Exhibitors 81, 55, 84^ 177), and are remarkable for neat- 
,neas of workmanship. Here too are wigs and various 
.arrangements of hair (Exhibitors 22, 62, 64), and oombs 
made out of different materials (Exhibitors 18, 65, 152), 
but especially of tortoiseshelL This substance is the outer 
- plating of the carapace of Testudo imbricata, a species of 
sea-turtle. It is separated from, the bony portion by heat- 
ing, and softened and moulded into various shapes by im- 
mersion in boiling water. The largest animals furnish the 
best shelL 

Tortoiseshell is shown, also, inlaid with mother-of-pearl 
in boxes and similar articles. (Ediibitors 131, 132.) The 
effect arising from contrast of colour and texture is very 
pleasing. In these inlaid works, the mother-of-x>earl varies 
^in colour, some portions being of a rich lustrous green and 
purple, others more pale and pearly. The former are used 
for framing the latter, and are derived from the sheUs of 
Maliotis, or ear-shell, of New Zealand ; the latter are 
mostly obtained from the shells of Aviculod or pearl- 
oysters. 

Cork (Exhibitors 124, 125, 126) is the outer layers of 
bark of the Quercus Bvher, a species of oak indigenous in 
•the South of Europe. The tree is usually not ready for 
stripping until twenty-five years of age or more, after 
■ which time it may be barked once every eight or ten years. 
The sheets of cork ai-e scorched on both sides and pressed 
. when hot between fiat planks, in order to make the tex- 
ture compact. The quality varies very much, according to 
.jsoil or age of the tree, or interval between the operations 
of barking. It is a curious fact, that the use of cork for 
. bottle-stoppers, now so universal, is a practice that origin- 
ated long after this material was well known and variously 
.apphed, and that the ancients do not seem to have adopted 
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it for so obvious a purpose. Among the purposes to which 
it has been applied in the Exhibition is the making of 
hats of exceeding lightness and apparently excellent 
quality. 

Sponges (117), though properly raw materials, are ex- 
hibited here. Those displayed are from the Archipelago 
and the Bahamas. The finer kinds are chiefly Turkey 
sponges. 

Sponges are found inhabiting all seas, and living at all 
explored depths ; but the greater number of kinds are of 
no use for commercial purposes, their framework con- 
sisting of spiculse, either calcareous or silicious. Those 
only are chosen that have a horny skeleton. There are 
many varieties even of these, and the sponges exhibited 
from Turkey are specifically distinct from those procured 
from the Bahamas. The coarser and finer sorts, the 
former being the " grass " and " honeycomb " sponges tff 
commerce, are also distinct species. The Turkey sponge 
grows, attached to rocks and stones, in from three to thirty 
fathoms under water. One of the specimens exhibited is 
attached to a vase, and was so taken up off the Island of 
Rhodes. When alive it is usually of a dark, often nearly 
black, colour, especially on its upper or spreading portion. 
The sponge-divers go to work between April and October, 
and can remain under w&ter from one to three minutes. 
They carry a netted bag attached to a hoop, suspended 
round their necks, and stow away the sponge when they 
have torn it from the rock. The sponge is then dried in 
the sun, after being cleaned in sea-water, its fleshy matter 
being stamped out by the divers' feet. 

Among the Wood-work in this department are mouldings 
made by machinery. 

Wood Carving, (Exhibitors 98, 127.) — ^Veneered mould- 
ings (165) and sundry specimens of ornamental carving, 
including a pulpit and other church furniture, and a model 
to scale of the choragic monument of Lysicrates (99). 

Basket-work is shown in great variety, and plaiting m 
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straw and chip. A curious and not inelegant use of straw 
is shown in a chandeher constructed of that material (41). 
There is also much work of this description among the 
collection of miscellaneous articles, ingeniously made by the 
blind Those from the School of Industry for the Blind in 
Bristol (30), and from the School for the Indigent Blind, 
St. George's Fields, South wark (100), may be especially no- 
ticed. Very curioiis, too, are the miscellaneous articles 
(186) shown by Mary Jane Cannings, of Bath, a person 
who is stated to be suffering from the terrible infirmity 
of being at once blind, deaf, and dumb. 

There are numerous examples of articles turned in ivory, 
wood, and cannel coal. (Exhibitors 15, 28, 45, 48, 95, 99, 
158, 163, 164, 167, 170, 175.)— Ivoiy is the substance of 
the tusk of the elephant and some other mammalia^ espe- 
cially the hippopotamus (the tusks of which are often 
referred to the sea-morse in commerce), morse, narwhal, 
and spermaceti whale. That of the elephant is most used 
and valued, and the number of these animals yearly de- 
stroyed to supply the demand must be prodigious. The 
ivoiy of the morse or sea-horse is said to be valued by 
dentists for the making of artificial teeth, but, in this 
case, hippopotamus' ivory is probably meant. 

Liverpool CoUecHon of Imports. — In a long glazed cabinet 
is displayed a collection of the imports, chiefly of raw 
produce, into the port of Liverpool during the last five 
years. This most interesting and instructive little, 
museum has been arranged with much skill and judgment 
by Mr. T. G. Archer. The substances exhibited are care- 
fully labelled, their mercantile appellation and scientific 
name, whenever it could be ascertained, the locaUty 
whence imported, their uses, and frequently the quantity 
imported during the past year, all being stated. The 
specimens are classified in groups according to the uses 
ta which they are applied. Among the woods used for 
building or ornament are several of which the true origin 
isuncertaiti or unknown. Tliere is a fine series of dye- 
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woods. Among the canes and reeds is placed a gotta 
percha walking-stick, such as is nsed in the coontries 
whence that substance is procured. The fibrous sub- 
stances are especially interesting. Among the vartous 
kinds known in commerce as hemps or flaxes are exotic 
fibres deriyed from very different plants. Of these are 
the ^Manilla hemp," the fibre of a plantain, the Mtmc^' 
UxtUiSy used for cordage, of which 192 tons were imported 
in 1850 ; jute, the fibre of Corehortis capstdaris, used for 
mijdng with hemp, and even with silk, for the sake of 
cheapness, of which no less than 12,218 tons wete im- 
ported in the same year ; Piassava, a vegetable hair from 
a Brazilian palm, the AUdlea funiferay Tised for making 
sweeping-brushes, and imported to the extent of 300 tons. 
China grass, the BoeJvmeria nivea, brought from Hongkong* 
and Canton, used for making linen, and imported to tho' 
extent of 160 bales in 1850, being twice the qi»ntity of' 
the preceding year; sun, from India, used for ropo-^ 
making — of this material 81 tons were imported in 18S0, 
and none the preceding year; and coir, of which no less 
than 1,100 tons, in the form of rope, were brought into 
Liverpool last year. Several of these are substaaioes that 
have come into use within a few years back. It is 
curious to note, in this case, others only just appearing, 
such as the Brazilian jute, a fibre of unknown origin, the 
fibres of the Oorypha cerifera, or Brazaliaai palmetto, thd 
vegetable silk derived from Okortsia specio&a, a SouUi 
American plant of the mallow tribe. A like experimental 
import is the vegetable tallow derived from the Crotan 
suUferum of China, not yet applied to any purpose, but 
apparently possessed of capabilities. Four to five cwts. of 
the vegetable wax from the Brazilian palmetto are 
annually imported for the making of oandks. The serias 
of cottons, teas, sugars, seeds, grains, spices, and frmts, 
are all of much interest. It is curious to note that as 
much as 26,600 bushels of Brazil nuts, the seeds of 
BerthdUetia excelm, a great tree of the myrtle tribe, WBWi 
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imported into Liverpool last year, and as many as 400 
quarters of ground nuts, the seed-pods of Arachis hypogea, 
a West African plant. Among the animal products are 
many interesting skins. Of those procured from America 
it is worthy of remark that no fewer than 2,000 opossums* 
skins (Didelphis virginiana), and 1,500 of the Myopotcmws 
coffpm, were imported last year. Very curious, too, is the 
&ct that vast supplies of horse hair and ox horns are now 
derived from the New World, where the animals that 
furnish them were introduced with the conquest. In- 
vertebrate animals do not yield many articles of com- 
merce ; here, however, we find several of consequence. 
Thus, of the great conch-shell, 8tromhi(s gigcmteus, from the 
Bahamas, 130,000 are stated to be imported annually for 
the purpose of being cut into inferior- oameos or used in 
the manufacture of porcelain. Of the Aviculaot mother- 
o'-pearl shell of Manilla, 30 tons were- imported in 1850, 
20 tons of that from the Society Isles, and 200 tons of 
that £rom Panama. From this collection it appears many 
hundred-weight of cutUe-fish bones are imported annually 
from the Levant. 

TIw Hull Collection of Imports in the North Transept 
Qiallery, near the Organ, is also very interesting, though 
not of the same extent. A great part of these are the 
productions of Eussia and other northern countries, or of 
the countries around the German Ocean. In one case is 
a set of the implements used in the Greenland whale 
fishery. 

Ornamental Woods. — ^The interest which attaches to the 
very numerous collection of woods belonging to this class, 
which are exhibited against the South Wall of the Building 
in Class I., numbered in Class lY. 135, renders no excuse 
necessary for the introduction in this place of the fol- 
lowing dassification of ^)ecimens of foreign hard woods 
for oabinet-work, turnery, dyeing, and machinery ; also of 
elephants' tusks^ sea-horse teeth, mother-of-pearl shells, 
&c. 
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Class X. — Philosophical, Musical, Hobological, and 
Stjboioal Instruments. Division I. 

BtruATlON OF Class 10. — It occupies the Western End of the 
Galleries. From L. M. 2 fo 8 in the Central South Gallery ; from 
M. 2, 3 foF. 2, 3, at the Western End, in front of the Large Organ ; 
froml. J. 2 to IS, in Central North Gallery, and from F. 15 to 2l, in 
the North Gallery, 

Position of Groups. ^-l$xanbeTB referring to Pillars. — Olodks and 
Watches will be found in the Central South Qallery, K. 2 to 8. — 
Globes, Orreries, &c., North-West Gallery, 1, 2, 3. — ^Optical 
Instruments, Central North Gallery, I. J. 3, 6. — Photographs, 
including Daguerreotypes, Talbotypes, &c. I. J. 6, 9. — Electric 
Telegraphs, I. J. 9, 14. — Chemical Apparatus, I. J. 14, 17. — 
Musicallnstruments, 12 to 19. — Surgical Instruments, F. 16, 21. 
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Clocks, Watches, &c. — Turret Clocks, (Exhibitors 66> 
92, 130, 129, 679.)--The invention of clocks \vlth wheels is 
ascribed to Pacificus, Archdeacon of Verona, in the ninth 
century, previously to which, water-clocks, and such-like 

p2 



316 TURRET CLOCKS. [Class X. 

contrivances were employed to measure time. The 
epitaph on Pacificns is curious : — 

Horologium noetamum nullus ante Tident. 
En invenit aTgnm«ntum et primus fundaveimt ; 
Horologioque carmen spberaB coeli optimum 
Plura alia graviaque pondens invenit. 

Clocks appear to have been set up in churches towards 
the end of the twelfth century ; and there is a story of a 
clock being erected in Westminster Hall in 1298, out of a 
fine levied on a Lord Chief Justice ; and near the sam& 
time a clock is said to have been put up in Canterbury 
Cathedral, and another in WeUs Cathedral From these 
and other notices, it seems pretty clear, that the earUest 
clock of which the actual constructicm happens to have 
been preserved was that made for Charles V., sumamed 
the "Wise," in 1379, by Henry de Wyck, who was invited 
by that monarch from Grermany, because there was no 
artist in Paris of the kind — and to whom he allowed a 
salary of six sols a day, and free lodgings in the Tower. 

Clock-making was long neglected in this country. The 
most striking instance of neglect of horological principles 
, was the practice of putting fans or wings to the pendulum 
• for the supposed purpose of preventing it from occa- 
. sionally swinging so far as to drive the pallets into the 
escape-wheel, under the influence of such a weight as was 
found necessary to carry the train through all the occa- 
sional impediments arising from bad cutting of the wheels, 
dirt, the force of the wind upon the hands, and all kinds of 
mechanical defects. It is a fact that, untU lately, the 
French have been much in advance of us in this largest 
kind of horological engineering, and have spent much 
larger sums upon their pubhc clocks, than have been ex- 
pended in England. There are no less than four in Paris, 
which appear each to have cost about 1,000/., exclusive of 
some other expensive appendages, such as enamelled dials 
and the bells. There is not a clock in England which has 
cost anything near that sum. 
The estimates for the great clock for the New Palace at 
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Westminster exceeds that amount ; but that is to be a 
perfectly unique specimen. 

Of late^ an improved style of turret-clock manufacture 
has been introduced by some of the best makers, and 
since the erection of the clock at the Royal Exchange by 
Mr. Dent, which contains several contrivances never before 
used, many have turned their attention to the improve- 
ment of turret clocks. 

The present Astronomer Royal, Professor Airy, has said, 
that he has no doubt that the Exchange clock is " the best 
public clock in the world," and that he believes it is supe- 
rior to most astronomical clocks in the steadiness of its 
rate. 

A dock consists of a train of wheels, generally four, of 
which the lowest, if it is an eight-day dock, turns roimd 
in about twelve hours, or requires fourteen turns to wind 
it up for the week, and the highest turns in a minute. 
The two intermediate wheels are merely required to carry 
off the difference of velocity between the two extreme 
ones, and to work the hands. The lower of these two 
intermediate wheels is usually made to turn once in an 
hour, so that the long or minute hand may be set upon 
its axis or arbor, and the second wheel has nothing to do 
but to reduce the multipUer of sixty, or the ratio of the 
velocity of the highest to that of the centre wheel, as the 
one which carries the long hand is usually called. 

Among the turret clocks exhibited is an eight-day 
quarter turret clock (55), with compensated pendulum 
8 feet long, and weighing about 2 cwt., vibrating half 
seconds, with pin wheel and dead escapements, but with 
a small recoil All the wheels in the clock are of cast iron, 
except the 'scape-wheel, which is brass, of only 4 inches 
diameter, containing 40 pins, and turning in two minutes. 

The 'scape-wheel is driven by a small spiral spring fixed 
to a pinion which turns on a stud, set in the same line as 
a 'scape-wheel arbor, and carrying one of the pivot wheels 
of that arbor. This spring is wound up a quarter of a 
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turn by the clock at every quarter of a turn of the 'scape- 
wheel. 

The dial-^ork is all driven l^ the great wheel without 
the intCTvention of any pinion, and it is consequently very 
strong and capable of working four very large dials. (The 
dials in the Main Avenue of the Building are 7 feet in 
diameter.) The hands are adjustable by means of hand- 
screws, and a small regulating dial set on the clock ; the 
dial is reversed in order to provide for the case of the 
external dial being on a level with the clock, and the hands 
driven directly by the prolonged arbor of the regulating 
dial. The hands are counterpoised outside the diaJs^ 
because when the counterpoises are within, the force of 
the wind on the hands is not counterpoised at all ; and 
the weight of the large hand when, imbalanced tends to 
loosen the hand on its arbor, and so make it point beyond 
the true time from 6 to 12, and before it from 12 to 6. 

The maintaining power for keeping the clock going 
while winding is of a new construction. Before winding, 
the maintaining weight must be raised sufficiently high to 
keep the clock going about seven minutes, and when 
woimd up it can be thrown out of action immediately. 

All the great wheels are set in the great frame, and the 
small triangular frames can be taken off without moving 
the great wheels and barrel, or the pendulums which may 
be suspended from the wall. The smaller wheels will also 
take out separately. The weights are hung by wire ropes, 
and they require a faU of about 40 feet with a single pulley. 
The pulleys are one foot in diameter. 

The hammers are raised by cams cast on the great 
' wheels, of such a shape as to raise them with the least 
friction. They are strong'enough for an hour-bell of several 
tons weight, and quarters to correspond, though the great 
wheels are only 18 inches in diameter ; the hammers all 
stand ready to fall as soon as they are discharged by the 
going part. The first, second, and third quarters, begin 
exactly at those quarters, and the fourth- begins half a 



M. 2, «.] TUBKET CLOCKS. 319 

minute before the hour, and the hour-hammer falk exactly 
at the hour. 

The object aimed at in this clock is to combine the 
.greatest accuracy of timekeeping with great strength, and 
the cheapest mode of construction, which is consistent 
with good work. 

The large turret clock (130) presents evidence of mneh 
original genius. The &ame is of a quadrangular pyramidal 
form, which is admirably adapted for solidity ; the large 
wheels being placed near the base of the pyramid, and the 
smaller parts above them. The teeth of the wheels and 
pinions are all cast, except those of the 'scape-wheel ; this 
must, of course, influence considerably tiie cheapness of 
construction. The escapement is detached, and of a novel 
constmction ; there is a detent with two arms, on 9ax axis 
which has also a pinion in gear with a wheel on the same 
axis with the 'scape-wheel, so that the detent axis makes 
half a tiun to release each tooth of the 'scape-wheel. The 
detent is held by a tooth at the end of an Bxia that hangs 
from the point of suspension of the pendulum ; this arm 
is moved by a pin projecting from the pendulum near the 
end of its oscillation, and releases the detent, when the 
pendulum receives an impulse from an oblique surface oS 
a tooth of the 'scape-wheeL The 'scape-wheel is impelled 
by a remontoire of perfectly uniform action ; this consists 
of a weight attached to an endless chain, which is wound 
up every half-minute, on the release of the train, by the 
arm of another two-armed detent. The clock weights 
themselves also form part of an endless chain ; but this 
seems to be an unnecessary refinement. The construction 
of the hammer by which the bell is struck is also quite 
new. The head of the hammer is a ball of gutta perch% 
by which the tone of the bell is at onoe brought out, un- 
impeded by the secondary vibrations that result from the 
blow of an ordinary metaUio hammer. Again, the fly is 
superseded, and the hammer is made to perform the office 
of a fly. It revolves at right angles to an axis, and, in 
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making one revolution, acquires sufficient centrifugal force 
to throw the head outwards, and enable it to reach the 
bell. 

In the South-west Gallery are two turret clocks (129), 
but they present no remarkable feature. 

Astronomical Clocks, (Exhibitors 35, 65, 57, 60, 73,)— It 
is usual to call those clocks astronomical, which are used 
in observatories for determining the right ascension of 
heavenly bodies : they include every appendage which con- 
tributes to accuracy in the measurement of time, under 
all the changes of atmospheric temperature. Among those 
exhibited is, the astronomical clocks with mercurial pen* 
didum and dead-beat escapement, which should be care- 
fully inspected. Mercurial pendulums and dead-beat es- 
capements are now used in nearly all astronomical clocks. 
The number of such, now in London, exceecfs 200 : about 
60 of these, chiefly the property of eminent chrono- 
meter-makers, are rated on Greenwich mean time, and 
it is found that their performance is such as to adapt them 
for astronomical uses. 

The rod of the mercurial pendulum is of steel, and the 
mercury is put in a cast-iron cylinder (in the best pen- 
dulums), screwed to the bottom of the rod. It is to be 
remembered that the rise of the mercury in the cyHnder 
"will be diminished by the lateral expansion of the cylinder 
itself, and consequently a rather greater height of mercury 
is required than that given by merely taking the tabular 
rate of expansion. The old form of mercurial pendulum 
was that of a glass cylinder, standing on a stirrup^ at the 
bottom of the rod. The chief advantage of the iron cylin- 
der is, that it can be made of a more regular shape, and 
that it takes the same temperature as the rod, and com* 
municates it to the mercury more rapidly than the glass- 
Captain Kater, in his chapter on compensated pendulums, 
in his Treatise on Mechanics in Lardner's Cabinet Cydoptc- 
dia, says, he has successfully employed, as a cheap mercu- 
rial pendulum, one made entirely of glass, the rod and 



M. 4, 70 BEMOXTOIR ESCAPEMENT. 321 

cylinder being blown in one piece. The height of mercury 
required in an iron cyUnder is stated to be 6 • 6 ins. The 
best mercurial pendulums are actually tried and s^justed 
for compensation at various temperatures, by adding or 
taking away mercury, as may be required. 

The shape of the pendulum-bobs is important. Until 
lately they were of the form of a double convex lens, this 
form offering but httle resistance in passing through the 
air, when its edge was always in the plane of motion ; but 
as it was liable to be a little twisted, a varying resistance 
was offered. This is not the case in the adoption of the 
form of the cyUnder, which is probably the best shape for 
the bob. 

Though there is no such thing in nature as a perfectly 
isochronous pendulum (one which vibrates different arcs 
in the same time), and no such thing as a train of wheels 
with perfectly imiform action, yet pendulums can be kept 
vibrating, with no greater deviation from isochronism 
than one beat in half a million. 

One of the astronomical clocks (73) has a chronometer 
escapement, and is constructed to show perpetual day of 
the month, moon's age, noon and night, day of the week, 
zodiacal signs, and repeats the hours and quarters. 

In the Exhibition are two electro-magnetic striking 
clocks (27 and 128a) ; from the pendulum of the latter a 
number of dials may be worked, the greatest novelty con- 
sisting in the method of giving the impulse by means of a 
remontoir escapement, by which the variations of the bat- 
tery take no effect on the time measured. 

Escapements in which the impulse is given to the pen- 
dulum by a small separate weight or spring, independently 
of the force of the train, are called by the French remon- 
toir escapements, because the clock-train winds or lifts 
up the maintaining force at every beat, or at some given 
number of beats, of the pendulum. It would be impossi- 
ble to describe in any reasonable compass the various in- 
ventions that have been made for the purpose, both for 
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docks and chronometers. For cbronometeFS they hanre 
hitherto failed, and there appears to be no doubt they 
always will, not only on account of the excessiye trouble 
and difficulty of construoting them on so «mall a scale, but 
because a, chronometer train is so light that there is nothing 
like the same friction and waste, and therefore variation of 
force, between the mainspring and the esci4>e^wheel as 
there is in docks, especially turret clocks, for which remain 
toires are most required. But that they can be made and 
win answer for docks, both laige and small, is fully proved 
by several which are now at work. 

Clocks and TimepUees. (Exhibitors 1, 7, 9, 14^ 16, 17, 28, 
31, 33, 37, 42, 43, 69, 71, 73, 87, 95a, 96, 99, 100, 102, 108, 
104, 106, 109, 117, 119, 121, 122, 127a, 158.)— A dock has 
been defined to be a machine for counting the vibrations of 
a pendulum : this is, however, scarcdy a correct definition, 
for it implies that the clock has nothing to do but to count 
the vibrations, whereas it has also to maintain themi, as a 
pendulum will not continue to swing without some im- 
pulsive force appHed. 

A more correct definitiim would be, that a •dock or 
watch is a macbine consisting of a train of wheels turned 
by a weight, a spiing, or any other nearly constant force, 
and of which the vdodty is regulated by attaching to it a 
p^idulum, balance, or fly-wheel, which always vibrates ot 
revolves nearly in the same time. And the only distino- 
Mod. between a dock and a watch is, that a watch wiU go 
in any position, but a dock in one only. 

The clocks and timepieces in the Exhibition are too 
numerous to notice separatdy ; but among the most novel 
will be found a hall clock (1) of new design, chiming the 
quarters and striking the hours on a gong. 

A patent clock on the detached dead-beat prindple (9). 
The wheel-work is so arranged, that each viluFation of the 
balance measures half a second, while in the ordinary de- 
tached lever it measures a quarter of a second. The teeth 
oi the escape-wheel are not so much undercut as in the 
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ordinary lever. The polletar horn the point of rest are 
drawn a complete circle to the esoe|)e»wheel teeth, so that 
when the baknoe returns and unlodcs the esoapement, 
there is no recoil. Thia escapement will carry a heavier 
balaaoe witih less motive power,, and consequently requires 
a stagger balancenspring. 

A large axHmolu clock (16), r^resenting Jupiter, the 
tw^VB Honrs of the Sun, Apollo and Diana^ and Spring and 
Autumn strewing flowens and fruit on the earth, is a j&ne 
work of art. 

A skeleton clock, to go 400 days. (42.) 

A clodc which goes 3^ dagrs : it is designed from Lich- 
field Oatiiedral, and strikes the quarters. (43.) 

A chime dock, showing simultaneously upon the dial the 
time in any partof the world. (102.) 

A portsHe spring time-keeper (103), to go 426 days, and 
a centrifugal or conical pendulum dock (lOS^), said to be 
capable of perfonmng mudi heavy work with great 
accuracy, are among the most curious. 

Also, a pat^it dock (7), the original inventions of whidi 
are a new compensation pendulum, and a barometric oojir 
trivance to correct, or more properly to prevent^ the error 
arising from the changes in the density of the atmosphere; 

The principal weight of the pendulum is composed of 
^ass ; and as that substance is leas affected by changes of 
temperature than metal, there is consequently a less error 
to be corrected by the compensation. The metallic com* 
pensation is effected, without any friction, by the ascent 
and descent of two spring levers with their adjustable 
weights : the springs would throw the levers iq»wards, but 
are prevented doing so by two long and &ae steel wires, 
the length of which governs the positions of the levers. 
The leng&ening of the wires, by heat^ allows the springs to 
raise the balls, and the reverse with cold. There are many 
selS<eorrooting date^docks, showing the time of day, &c., 
day of week, day of month, and name of ^le month. 

The improvements consist in showing the dates through 
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Openings in dial-plates, connected with the above, which 
are shown thus — ^Monday, June 30. These alter themselves 
at midnight, and occur in proper order at all times : thus, 
if the month consist of 28, 30, 31, or, as in leap year, 29, 
a continuous movement takes place, which, by carrying 
forward the dates, brings the firot of the next month in 
due time. A further improvement is introduced in the 
escapement of these clocks, on the duplex principle, making 
a fiill seconds dead beat, thereby reducing the wear or 
friction. The superiority of these over other date-clocks 
hitherto in use, consists in — 

1st. Nothing more being seen on the dial than is re- 
quired at one time, all others showing on dials or circles 
with hands or index points, thereby presenting a mass of 
writing, figures, &c, not required at any one time. 

2nd. The simplicity of the mechanical parts preventing 
any liability of getting out of order. 

A Ghss Timepiece, (158.) — ^Timepiece, apparently con- 
sisting of only a dial of glass, on the centre of which an 
index-hand turns and points correct time, and without any 
visible mechanism. The dial is of dear ^ass, and bor- 
dered by a rim of brass, suf^rted by an elegant pedestal.: 
this clock strikes the hours and half-hours, and goes twenty- 
one days. 

Arrangements of this kind have been regarded with 
much curiosity ; and several ingenious speculations have 
.appeared as to the mode of producing the movement. 
Clockwork in the base, moving a toothed wheel round the 
rim, carrying a magnet, has been suggested as one mode; 
but when we remember that an index-hand, being nicely 
balanced, may be moved by the smallest power, we have 
only to place a watch movement within the axis of the 
index to effect the regular indication of the hour with i^e 
greatest ease. 

Geographical Clock. (119.) — ^It is not easy to render these 
very ingenious arrangements intelligible without diagrams ; 
but the sUghtest degree of carel&l inspection will at once 
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show the facility with which the correct time at each place, 
relatively to the one for which the dock is set^ may be read* 
It will not^ however^ be difOicult to understand^ that if we 
paint a map of the world, or of any section of it, upon the 
&ce of a clock, and lay down lines of latitude and longitude, 
it will not be difficult to adjust a moveable band or chain 
which shall be carried onward by the works from right to 
left across the dial, with the hours or minutes indicating 
the time continually on the meridian of every place. Upon 
this principle this clock is constructed. To a party travel- 
ling, this indicator may be rendered a great convenience^ 
inasmuch as, upon the dialrface of a carriage dock, they 
may have a correct noap of the country through which 
i^ey are passing, as well as a constant indication of the 
exact time whereverthey may have arrived, which necessa- 
rily is continually varying with their change of longitude 
from their point of starting. 

Autotkronograph, (80.) — ^The autochronograph is a ma- 
diine for the instantaneous stamping or prinimg of time, 
giving. the days of the month, hours, and minutes, nig^t 
and day. It is employed to register occurrences, indi- 
vidual presence, the commencement and duration of events, 
^» As, for example, in railway stations, to note the pre- 
sence and individuality of guards, engineers, and others, 
whose abs^ice or substitution might incur danger or in- 
oonvenience, and to register the exact time of arrivals, 
departures, casualties, and incidents. 

In public offices, banking and mercantile houses, hos- 
pitals, laboratories, dockyards, and manufactories, and in 
all cases where correct noting of time, or the presence of 
pacticulMT indiTiduaH are necessary for proper arrange- 
ment or general safety. 

The register, a roll of paper, passes over wheels, bearing 
the date, hour, &c., in raised figures : a roller drawn across 
the paper causes the exact time to be embossed upon it. 
The roUer (which is passed in a second) stamps, and at 
the same time moves the register forward. The paper 
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may be signed by an individual to prove his ptvsence, and 
may aiso be used for remarks, &c. 

This maehine appears to have many advantages ov«r 
the ordinaiy time-tell-tale. 

Chrommieters, (Exhibitors 1, 3, 7, 10, 13, 19, 21, 32, 34> 
36, 40, 49, 52a, 63, 56, 57, 74, 85a.)— The per«MJttan of all 
the -watoh esoapements is that whioh has, from its use, 
acquired the name of the chrcnometer movement, but -wm 
originally called the detached, the balanoe being entii«ly 
detached from everything else except just at the time ci 
action. In other words, there is no dead friction; and, 
moreover, the impulse is given directly, and nearly at right 
angles to the line of centres of the balanoe and 'soa|>e- 
wheel, as in the duplex escapement, instead of ol^quely, 
as in the vertical, lever, and horizontal escapements, and, 
therefore, it is not subject to derangement by the variaUe 
state of the oil, as it requires none. 

The teeth of the 'scape-wheel, instead of resting against 
a verge, rests against a stop set upon a lever. Tfaig leveCy 
having only to move through a very small angle, is set 
upon a small and stiffish spring, instead of a pivot, which 
allows it to move just as a pendulumnspring does a pen- 
dulum. The other end of the lev«r has a weaker spring 
also secured to its inside (that is, the side nearest the 
'scs^-wheel), and projecting a little beyond its end. On 
the veige there is a small tooth, or cog, whidi can pass 
the spring in the direction towards the 'scape-wheel, by 
merely pushing it aside, as it has room to bend in that 
direction ; but, in going the other way, the spring cannot 
bend, and therefore the tooth carries the lever with it, 
moving on its own spring ; and, in so doing, the stop is 
pushed out of the way of the tooth of the 'scc^)e*wh66l, 
which is therefore let go ; and at that moment the long- 
tooth, or snail-end, attached to the verge (which corre^ 
sponds ^cactly to that in the duplex escapement), comes 
into such a position that Uxe tooiii of the 'scape-wheel 
catches it andgivos the impuke. It is evident that this also 
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is an eacftpeiaeiit ibftt requires oonsiderable eare in mftkiaag 
aad using. Howevwr, it is n&^&r applied to any but chro** 
ftometers, or the vexy best watches, and those of oonsider- 
able size ; and persons who possess them are aware that 
they are instruments of a very different class £rom an 
ordinary watch. 

If you take a smaU portable dock, with a balance heavier 
than any watoh-^balance, and lay it on its back or side, 
and observe the vibrations of the balance, you will see 
that they are much less than when the clock stands up, so 
that the balance is horizontal. The reason is, that a pivot 
standing u{»^ght, and with its point resting on a hard sur- 
fieuse, and meeely kept in its place by the hole in which it 
is placed, both at the top and bottom, moves with jnudi 
less Miction than the same pivot set horizontally in circular 
pvot-holes. For, however thin the pivot may be made, of 
course its point can always be made smaller ; and, in fact, 
if the wheel is light, it may approach indefuoitely near to 
a point, in which case there would be no friction — at least, 
none which the weight of the pivot and its wheel would 
augment, the lateral friction against the sides of the hole 
being independent of the weight resting on the vertical 
pivot. Ship chronometers aret, accordingly, kept horizontal 
by being hung in gimbals, which are, in fact, an uEdversal 
joint, the chronometer having two pivots, which move in 
holes in a large ring beanng other pivots, at right angles, 
which turn in holes in the sides of the box. 

Mr. Dent has lately apphed ihe chronometer suspension 
to compasses ; that is, the axis goes right through the 
card, like the axis or verge of a watch-balance, and rests 
at the bottom on a jewel, or hard piece of steel, put under 
the pivot-hole, and at the top, iu an ordinary pivot-hole, 
set in a frame above the card, the whole apparatus, as 
usual, being swmag in gimbals in the same way as the 
chronometer just now described. There appear, also, to 
be several collateral advantages in this kind of suspen- 
aion besides its steadiness ; such as the power of making 
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the compass as sluggish as you please hy means of an 
adjustable spring pressing against the side of the uf^r 
pivot, and the power of inverting the compass to ascertain 
the error of collimation. However, it would be out of 
place here to dwell at any length on the compass suspen- 
sion, which is only introduced as an illustration of the 
principle of suspension of the marine chronometer. 

In the escapement of all good watches, and in the best 
clocks, there are what are called end-stops ; that is, the 
pivots are not kept in their place endways by their 
shoulders, but by stops of metal in clocks, and jewels in 
watches, against which the pointed ends of the pivot rest, 
not of course tightly, but sufficiently dose to allow only 
the necessary shake of freedom. The necessity of this 
freedom, both endways and sideways, of all the pivots in 
clock and watch work, is one of the points in which it 
differs from common engineering ; for, in other machines, 
there is generally force enough to spare, so that a slight 
degree of tightness in a pivot does not signify, especially if 
plenty of oil is used. But in the going part of a clock such 
an occurrence would probably stop it. Besides the end- 
stops, the pivot-holes for the balance, and the 'scape-wheel, 
are made in jewels in good watches; and beyond these 
there appears to be no use in jewelled holes ; and watches 
that are called jewelled in eight or ten holes are often 
inferior to those which are only jewelled in the four men- 
tioned. 

The chronometers, like the clocks, are too numerous to 
notice separately ; but the following have been selected as 
a few of the most remarkable : — 

ITie Marine Chronometer, with Piieumatic Attxiliary Com- 
pensation, (7.) — ^It is well known that chronometers, on 
the common construction, have what is termed an " error 
of extremes ;" that is, they will go slow if placed in a 
freezing or in a tropical region ; or, in other words, if they 
show mean time in these climates, they will gain when 
placed in a temperate one. The invention to correct this 
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is to surround the balance with a light cap, which en« 
closes the air in immediate contact with the balance, only 
when the thermometer is at 'Hemperate." The balance 
being confined in this space, is retarded in its vibrations, 
or naade to go slower at this temperature. When the 
temperature either rises or falls, the cap gradually moves 
away from the balance. The motion of the cap is effected 
by means of a metallic thermometer, acting as a motive 
power. 

Denfs Chronometers. (55.) — ^In connection with these, 
we take the following from the patentee's publications : — 
^'It must, doubtless, be interesting to the pubhc in 
general, to have the opportimity afforded them of no- 
ticing the various statements of reported improvements 
iu chronometers, that are, from time to time, set forth by 
their respective inventors. Such accounts, moreover, 
answer the desirable and double purpose of registering 
the several ingenious contrivances, as well as of exhibiting 
in a clear Hght the nature of the difficulties usually en- 
countered in this important branch of the mechanical 
arts. It must be confessed, however, that the result of 
the skill, labour, and expense which have been bestowed 
within the last 50 years on the improvement of chrono- 
meters, affords but little room for congratulation, and 
must convince every one acquainted with the historical 
details of the subject, that the road to perfection in the 
art of chronometer-making is, as in most other arts, a 
wearisome one, more frequently leading to profitless 
trouble, than contributing either to the interest of the 
contriver, or the benefit of the public. Nevertheless, by 
such investigations has been obtained the knowledge of a 
curious fact, which has lately excited the attention and 
ingenuity of various persons engaged in the manufacture 
of chronometers. 

^ The £act alluded to is this — ^that if chronometers, as 
generally constructed, be regulated to mean time at mean 
temperature, the chronometer will lose at the extremes of 
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heat and cold ; or, if adjusted to keep meaa time at the 
extremes, they will have a tendency to gain at the inter- 
mediate temperatures. 

^* Another circmnstance that tends to aggravate the error 
arising from the defect of compensation for the dimi- 
nished tension of the balancenspring at high temperatures, 
and the excess of compensation for the increased tensicMi 
at low ones, is, the unfolding or straightening of the cir- 
cular rim of the balance at reduced temperatures, and the 
contrary action at high ones. By this action of the rim, 
the compensating weights are made to describe portions 
of a spiral curve, whereby the variation in the central dis- 
tance, due to a given change of temperature, is greater 
at the low than at the high temperature, which is the 
reverse of what is required in order to efTect the compen- 
sation ; and although such deviations from the required 
law of approach of the compensating weights may be 
rendered less apparent by increasing the weights, yet, in 
this case, other errors are introduced (which it will be 
needless here to allude to) that render this mode of pro- 
ceeding inadmissible, without much hmitation. In the 
construction of the balance I shall here describe, it is not 
pretended, indeed, that the law of approach is mathemati- 
cally what it ought to be, in order that the proper ratio 
may be obtained, at aU temperatures, between the tensHon 
of the balanccHspring and the inertia of the balance ; yet, it 
may be safely affirmed that, in this construction, the varia- 
tions in the central distance of the weights increase at the 
higher and diminish at the lower temperatures ; which is 
exactly the reverse of what has hitherto generally taken 
place in chronometers, and therefore will doubtless afford 
a much nearer approximation to the truth than heretofore 
attained. Moreover, the correction for the error alluded 
to w^ill be a continuous correction ; an object of no little 
importance, and which is not effected in the contrivances 
lately put forth to remedy the defect by means of supple- 
mentary weights, which weights are brought into contact 
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with the balance rim at a mean temperature; In these 
contrivances by contact, although chronometers may be 
adjusted to equal rates at one of the extremes, and also at 
a mean temperature, yet between these limits, they are 
obviously subject to an error of the same nature as before, 
though of one-half the amoimt oaly; and in the other 
half of the range of temperature, when the supplementary 
weights are brought into contact with the rim of the 
balance, the law of approach is the reverse of what it 
ought to be. Besides, the friction at the point of contact 
is highly objectionable in this mode of correction, and 
will not only destroy all confidence in the performance of 
such chronometers at mean temperatures, (the very tem- 
peratures at which their services are most required,) but 
it is also a great violation of the law of continuity, upon 
the maintenance of which, the correct performance of 
chronometers must depend." 

Mr. Dent then explains the principle of his new patent 
compensation-balance ; but, without diagrams, we could 
not make this inteUigible. 

Marine Chronometers. (19.) — ^There is no particular fea- 
ture in these chronometers which makes them differ in 
general appearance from others of the kind ; but, by a 
minute examination of detached parts, more correct pro- 
portions will be found than is generally the case. 

Marine Chronometers on a new caUbre (57), with Arnold 
and Eamshaw*s detached escapement : the compensation 
balance is of the ordinary kind with Arnold's bar as an 
auxiliary compensation. The new calibre is based upon 
the plan of the diameter of the barrel, fusee wheel, and 
extreme diameter of the balance being the same, namely, 
1^ inches : the total weight of the compensation-balance 
is 5 dwts. Lastly, an original Eight-^ay Chronometer (85a), 
striking the hours, being a self-acting repeater, and show- 
ing the days of the month, is curious as comprisiag 200 
pieces of mechanism in a diameter of not more than two 
inches. 
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Watches. (Exhibitors 1, 3, 7, 8, 10, 13, 19, 26, 27, 28, 30, • 
32, 35, 39, 46a, 62, 55, 57, 71, 78, 81, 86, 94, 124.)— Among 
these may be named the registered soliclave watch (32) : 
the advantages this imique production is said to possess 
over the ordinary description of manufacture, are stated in 
the following particulars : — 

1st. A flat and elegant construction, in combination with 
A height and soundness of movement. 

2nd. A perfectly isolated winding apparatus, said to be 
so managed that the works can sustain no injury from 
any dust or dirt that may collect about it. 

3rd. A key of so simple a make (being but a bar of 
metal), that while readily procurable under almost any cir- 
cumstances, is yet so durable as rarely to need renewing. 

4th. The facility of winding, the watch not requiring to 
be opened. 

Gold and silver watches are exhibited with patent lev^r 
escapement, showing the parts separately (7). 

The escapement which is far the most frequent in good 
English watches is the lever escapement, or, as it used to 
be called, the detached lever, to distinguish it from another 
form of it now disused, called the rack lever. If you put 
& rack or a few teeth of a wheel, of which the pallet armor 
would be the centre, on the end of the crutch of a clock 
dead escapement, and let this rack work a pinion set on 
the verge of a balance, the vibration of the balance would 
cause the pallets to move as they do under the influence 
of a pendulum — and this is the rack-lever movement. 

It is, however, Hable to stop if the balance is acci- 
dentally stopped at the neutral position, on account of the 
friction between the rack and the pinion ; and, morever, 
the lever, or crutch, and pallets, are carried farther the 
farther the balance vibrated. This cannot be helped with 
a pendulum, on account of the small angle which it moves 
through ; but it can with a balance, since that moves 
through such a large angle, that the arc described by a 
pin set a Httle distance from the verge will cut the arc 
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described by the end of the lever, so as to include a very 
sensible depth between them. Consequently, if the end 
of the lever merely has a nick in it^ and the verge, in- 
stead of being a complete pinion, has one tooth or pin 
that will fit into the nick, the lever and pin will act 
together as a wheel, and for a short distance in the middle 
of the vibration, but as soon as the pin has got out of the 
nick, the balance may turn as far as it pleases without 
moving or being even in contact with the lever ; and when 
it returns, the pin will go into the nick again, and first 
move the dead part of the pallet off the tooth of the 
scape-wheel, and then receive the impulse and leave the 
opposite pallet with a tooth resting upon its dead part. 
Therefore this was called the detached lever, as the lever 
is detached from the balance, except during the middle of 
the vibration. The pin is usually made of a jewel, and it 
works with so little friction that you can hardly (if at aU) 
stop the watch, any more than a clock with a dead escape- 
ment when the pendulum is taken off. The pallets are 
also always made of jewels in good watches. The practical 
advantages of this movement are, that it is not only a 
very good one, being Hke the dead escapement of a clock, 
and without the dead friction, which is very nearly re- 
moved by the detachment of the balance from the pallets, 
but it is, moreover, easy to make and safe to wear ; and if 
the watch gets such a fall as to break the verge, which is 
always the first thing to break, it can be mended for a few 
shillings — ^the verge in this escapement being nothing more 
than a plain arbor, which carries the pin set upon a small 
collar ; whereas, in other escapements, the verge itself is 
comparatively compUcated, and expensive to make and 
mend. 

The lever watch (10), to show dead seconds on the one 
train only, with the usual number of vibrations or beats, 
is ingenious ; and the gold and silver watches, with com- 
pensation balance, may be regarded as excellent examples 
of English watchmaking. 
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The babxice of a watch tequires compeBsation much 
more than a pratdulTun, if it is to be exposed to sa<^ 
changes of temperature as chronometers are, though 
watches carried in the pocket are not subject to muoh 
variation of that kind^ unless they are left exposed in odd 
nightSi The variation in the elasticity of ihe springy which 
effects in a smaJl degree the vibration of a heavy pei^ 
dulum whose time is msdnly determined by gravity^ affects 
a hght balance, whose time of vibration is mainly de^ 
termined by the force of the spring a great deal more. 

The diffsi'enoe in the amount of compensation required 
by a balance and a pendulum is so great that it camiot 
be effected exactly in the same manner, though all the 
methods that have been invented depend upon the samd 
principle, of making small weights attached to the balance 
approach near^ to the centre as the heat increases^ so aa 
to diminish the moment of inertia or ^e resistance to 
the force of ihd spring. 

Among the watches will be also seen a watch keeping 
correct time (81), though suspended in a glass globe filled 
with water. The object of the invention is to secureithe 
protection of time-'keeping and other insianmients £rom 
water, sea^damp, &c. A sporting-watch (86) which shoWs 
the time to one^ixth of a second. German silver watches, 
plated with silver (94) ; and specimens illustrative of the 
progressive stages of manufiEtcture of a lever watch. In 
addition to these are many examples of extremely minute 
manufacture, which are certainly triumphs of skiU and 
industry. 

Globus and Orreries. (Exhibitors 175, 188, 198, 200, 
207, 212, 218, 354) 

Newtonian Globes. (212.) — ^These globes are hmig in sta- 
tionary rings or meridians, and are capable of turning upon 
their axes or poles, for the purpose of showing the real 
diurnal motion of the earth, and the appparent diurnal 
motion of the heavens, according to the Newtonian sys- 
tem or real structure of the universe, Each globe is. 
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mounted on a tslngle pedestal — ^aroidhig the necessity of a 
Gttmbroas and objectionable frame and wooden hori25on ; 
and in place of the latter a sliding anntdar plate is substi- 
tuted. 

On the terrestrial globe, this plate acts as a terminator 
to indicate the line of demarcation between day and night 
spread cfver the earth's surface, and shows, at any given 
time, what peats of the earth are illuminated by the sun, 
enjoying the light of day, and what parts are in shadow, 
experiencing the darkness of night. 

Vpoa the celestial globe a similar sliding annular plate is 
mfftde to represent the tdsible horizon of any place on the 
earth's ffurface ; and to show what part of the heavens 
wtmld be there seen at a given time — ^together with the 
risdng and setting of the sun and moon at different seasons 
and periods of the year. 

The terrestrial globe represents in miniature the spheri- 
cal form of the earth ; upon the surface of which are 
den^oted the several continents and islands, oceans, seas, 
and rivers, all in their true relative positions, shapes, and 
comparative extents. 

As in nature the earth revolves upon its axis (which is 
an imaginary line through its centre), so the terrestrial 
globe is made to turn upon pivots, called its north and 
south poles, in a fixed ring, called the meridian— because, 
wli en any place upon the earth's surface passes under it, 
the sun's rays Ml more directly upon that place than at 
any other time ; and it is then meridian or noonday there. 
A great circle is marked round the globe, midway between 
the poles, called the equator— because it divides the earth 
into two equal parts, viz., the northern and southemhemi- 
spheres. 

A small brass ball, representing the sun, is made to slide 
upon the meridian of the globe, for the purpose of being 
readily adjusted to the declination or perpendicular position 
of the sun north or south of the equator, according as the 
sun's dedination varies from day to day throughout the 
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year, and causes the cbaoge of seasons. The g^be is so 
mounted upon its pedestal, that the axis alvays hes in its 
true inclined position, and points to the north polar star 
in the heavens. 

The declination of the sun for every day in the year is 
shown by an analenuna or scale, drawn upon the globe ; 
and, by sUding the brass ball upon the meridian over the 
points of declination indicated by the ft^nnlftniTnA^ the sun's 
vertical position over the earth for any given day will be 
perceived. 

At the greatest declination of the sun (distance &omthe 
equator), north in our summer and south in our winter, 
imaginary circles are drawn round the terrestrial globe, 
called the tropics. These circles are imaginary lines gene- 
rated upon the earth by the vertical sun at the periods of 
the summer and winter solstice. * 

The circle north of the equator is called the tropic of 
Cancer ; because the sun, when entering the sign Cancer 
in the heavens, traces this imaginary line upon the earth ; 
the southern circle is called the tropic of Capricomus, be- 
cause the sun traces that imaginary line on entering the 
sign Capricomus : the space or band, stretching round the 
earth between these tropics, is called the torrid zone, in 
consequence of the intense heat of those parts of the 
earth over which the sun is vertical twice in the year. 

Connected to the brass ball, representing the sun, there 
is, supported by an arched arm, an annular plate, called 
the terminator ; because this annular plate, embracing the 
middle of the globe at an equal distance from the brass 
ball aU round, marks the line at which daylight terminates 
and night begins, on every part of the earth's surface. The 
portion of the globe above the terminator, towards the 
Sim, represents that half of the earth^s surface which is 
illuminated and experiencing the light of day ; and that 
below the terminator is the half of the earth's surface 
wliich is in shade and enveloped in darkness, called night 

The artificial celestial globe represents the imaginary 
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sphere of the heavetiS, and if made of glass, or other trans- 
parent material, the stars so placed within it would h& 
seen through the glass on the outer surface of the sphere,, 
in their relative positions, and of the several magnitudes 
shown ;— such a dehneation of the starry heavens is the 
artificial celestial globe which we are about to consider. 

For the convenience of readily ascertaining the situa- 
tion of any appearance in the heavens, the ancients (pro- 
bably the Chaldees) thought it desirable to give names^ 
to certain remarkable groups of stars, which they, called 
constellations, and they appropriated to each group 
figure, as a man or a beast, to which some poetic or his- 
torical interest was attached :--thus we have the groupie 
of stars called Aries the Eam, Taurus the Bull, Gemini 
the Twins, the Great and Little Bears (Ursa Major and 
Minor), the ^Ethiopian Mng Cepheus and his queen Cas- 
siopeia, with their daughter Andromeda, and the hero 
Perseus, Orion the Hunter, Auriga the Charioteer, &c. 

Having thus imagined constellations, it was easy ta 
describe the situation of any star or other appearance in 
the heavens, by saying it would be seen near the Ram'a 
horn, — ^the Bull's eye, — ^in the tail of the Great Bear, — 
upon the sword, belt, helmet, or foot of Orion,— or between 
the shoulders of Auriga, &c. 

The principal stars visible in the apparent concave or 
heaven were thus grouped into constellations, the most- 
important of which, twelve in number, had symbolic 
figures appropriated to them, and were called the signs 
of the zodiac, because they extended round the heavens^ 
and occupied a space or zone called the zodiac, in which 
the sun, moon, and planets, appeared to perform their 
respective annular courses. Through the middle of this 
zodiac, an imaginary line is delineated, circumscribing the 
celestial globe, called the ecliptic, in which line the sun 
seems to travel in its annual circuit, and, by the gradua- 
tion of which, celestial longitude is reckoned. 
The celestial globe, in order to represent the apparent 
I. Q 
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^mil mofcioiDi oi the heavens ftom easi to wmiit, k made* 
e^peMe of zevolving oa its axis, by ptTota^ tozBiDg in a. 
XBendiaiiy fixed on a pedeetaJ, m the aame Boaiiner as ih» 
teRestnal globe. These pivote^ c^Jied the edestial poki^ 
xepresent thoee imagiiutfj points on whieb. the celestial, 
sphere appeaas to i«>tabe daily : they are situate in thj» 
heay^us, perpeodiciJady over the north a«d south poles 
^ the MU!ih,~*the extremities of the imaginary axia 
ififeweon, as bef <we said, the earth really tonw from west 
ioeaet. 

A great cinde round this g^obe, forming an aoute angl» 
with the ediptioy is delineated at equal distanoes from th» 
poles^ called the equinoctial hne ; because, at the seasons 
•fs^nng and autumn, when the sun appears to'be crossing 
that line, there is an equality of day and night (twelve 
hours of each) on all parts of the earth. This cirde ia 
the heavens is immediately over and coinddent with the 
equator on the earth, and is, in like manner, divided into 
3(90°, by which right ascension is measured ; that is, the 
eomparaiive distance of any star or other celestial object^ 
ieck<ming eastward from a certain point in the heavens, 
called the vernal equinox (the first point of the sign Aries). 
The right ascension of any object in the heavens is also 
reckoned in hours and minutes, agreeable to the ^parent 
notation of the sphere in twenty-four hours. There are 
also two other ^eat circles drawn on the celestial globe, 
tk ri^it angles to the equinoctial line, and passing through 
the poles. One of these great circles is called the equinoc- 
tial oolure, because it intersects the equinoctial points of 
the ecliptic at the beginning of the signs Aries and Libra 
(the periods of the equinoxes, spring and autumn) ; and 
by the graduations on which Hne declination is measured, 
or the distance of the sun, a star, or other object in the 
hettvans, north or south from the equator. 

'Hie other great cirde is called the solstitial colure, 
because it intersects the ecliptic line at the solstitial 
points (the beginniug of the signs Cancer and Cayri- 
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comus), where the sun is seen in the highest and lowest 
parts of its apparent path through the heavens at the 
seasons of summer and winter. By this line celestial 
latitude is measured, or the apparent distance of the sun, 
a star, or other object north or south from the ecliptic. 

In performing problems on these improved Newtonian 
globes, relative to the phenomena of the heavenly bodies, 
it is intended that each phenomenon shall be shown in 
the way it really occurs in nature, as demonstrated by the 
ITewtonian system, which is not always the case in per- 
forming problems by globes in the old modes of mounting. 

The Slate Olohes (212) have the latitudinal and longi- 
tudinal lines marked on them, and are intended for the 
use of students who have attained a certain proficiency, 
to draw the countries on in their true position from 
memory. 

A Terrestrial Globe (198), 30 inches in diameter, shows 
—1st. The geological structure of the earth ; 2nd. The 
currents of the air, trade-winds, monsoons, &c. ; 3rd. 
Currents of the ocean, and trade-winds ; 4th. Isother- 
mal lines, or Knes of equal temperature. The stand is 
handsomely carved in waLuut. It has, at the four comers 
of the base, heads emblematical of the four seasons. Sur- 
rounding the compass-box are sitting figures, representing 
the four quarters of the globe, with their appropriate 
emblems, and the circular supports of the horizon are com- 
posed of clusters of fruit indigenous to the quarters over 
which they are suspended. 

Terrestrml and Celestial Olohe conihiiied, (218.) — This 
exhibitor has certain ideas connected with the geometric 
laws regulating the form of the sphere, which can only be 
understood by reference to his work, "The Harmony of 
the Universe," to which the reader is referred. 

He exhibits a globe of 25 inches in diameter, with the 
terrestrial and celestial mass superimposed one on the 
other, and with a new management of the horizon and 
zodaic to show by the latter the planetary motions. The 

q2 



340 OLOBBB. [Cb»X. 

celestial map being Buperimposed on the terrestrial sphere, 
the globe itself becomes the best catalogue of the stars, as 
the principal stars are inunediately seen superposed on 
localities of the earth, the names of which may be given 
to the stars themselves : this plan gives some fsusihty to 
the calculations of longitude and latitude. 

Another globe is of papier mach^ divided in ^har- 
monic " pieces, so as to be rebuilt or kept in a small box 
at pleasure, or the pieces can be arranged on brackets for 
ornaments for drawing-rooms, cabins, &c. This is accom- 
panied by a skeleton globe, to show how to divide and 
rebuild the globe on the frame. 

Beyond these there is exhibited a small machine, said to 
be constructed with great accuracy, consisting of a sphere 
of ivory divided by the " harmoHspherion " quadrangular 
system, enclosed in horizontal and vertical circles : the 
object of this is to demonstrate the dimensions of all the 
lines of the ^ harmoHspherion," for which the poles of the 
ivory sphere can be varied by means of two sets of screws 
into any of the intersections of its circles. There is also 
another sphere of ivory divided by the ^ harmo-spherion " 
pentagonal, which can be apphed for the same purpose. 
This machine is said to mechanically satisfy a problem 
which, for thousands of years, mathematicians have 
attempted to solve without success, and which has ever 
been considered as incapable of solution ! 

The Fertphan. (354.) — ^This is the name given to an 
instrument, by which the ordinary solar and lunar pheno- 
mena are elucidated in a clear and simple manner. It 
consists of a terrestrial globe placed in the centre of a 
series of rings, on which are again mounted the sun and 
moon, which slide freely on the wires. 

To adjust the instrument for any particular place and 
day, we first fix the circular wire (called the horizon-wire) 
in such a position (according to the degree marked on the 
vertical circle), that it might describe the horizon of the 
place ; we then turn a large thimib-screw till the outward 
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semicircular wire (called the solar-wire) is just opposite ta 
the day as marked on the horizontal ring, and move the 
red orb (representing the sun) up or down till it is as near 
as possible to the day ; we then, by means of the thumb* 
screw, turn the solar-wire till the centre of the sun is in 
the plane of the horizon on the east side, and the index 
will show the time of sunrise : and, if brought to the west 
side, it wiU show the time of sunset. The small white orb 
represents the moon. 

The causes of the harvest-moon, of echpses, of the differ- 
ence between true and apparent time, and many other 
subjects connected with astronomy, are by this instrument 
rendered remarkably perspicuous. 

Two small appendages accompany it : one for measuring 
the sun's altitude, &c. ; the other for describing the appa* 
rent diurnal motion of the echptic^ and for showing the 
angle which, at any particular time, it makes with the 
horizon. 

The Fortabk Globes (234) are manufactured of strong 
tissue paper, so that they can be folded into a very small 
compass, and very readily inflated when required. 

Kites a/nd Kite Carriage, (234.) — ^These kites are made 
of stout calico, having joints in the standard and wings^ 
so that the kite, six feet in height when extended, may be 
carried as a fishing rod when closed. They are constructed 
so truly that there is no wavering in their flight, and they 
are very durable. 

The Charvciant, or Kite Carrio/ge, is a car drawn by kites* 
The exhibitor gives the following statement of the power 
of his kites for this purpose : — 

The power of a kite 12 feet high, with a wind blowing 
at the rate of 20 miles in an hour, is as much as a man of 
moderate strength can stand against. With a rather 
boisterous wind, such a kite has been known to break a 
line capable of suspending a weight of 200 lbs. This kite 
spreads a surface of 49 square feet. It should be particu- 
larly noticed^ that these may serve as standing ratios, from 
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whioh, by tiie Eak of PropoTtioii, the power of kcger kitai 
can be onlcidaAed. Two kitesy one 15 feet in ki^^ and 
{be other 18 feet^ bare sufficieiLt power to draw a carnage 
wHb four ot fiye pereona when the wind ia brisk. 

Orreries, dx. (^hibitorB 195, 212, 215.)-*-OErarieB an 
instramenta whereby the yarioos phenomena connected 
with the pknetaiy syBtem may be explained to atndenta 
in a more dear and e&sfj manner than by verbal deaoc^ 
tion, even if assisted by numerous diagnma. In then 
instruments the real motions of the beayenly bodies are 
ahown by means of toothed gearinf^ actuated either by 
hand or by clockwork. Owk^ to l&e oenqilioated wheels 
work required to communicate the proper motioaa to the 
earth, moon, and planets, orreries have hitherto been ex- 
pensive instruments to construct, and •coDsequently their 
high price prevented them from being made use of to any 
considerable extent for educatiooal purposea. In order to 
obviate this objection, the Exhibitors (212) have dcFviaed 
an improved school orrery, and greatly simplified the plan 
ef constructing orreries for schools. In these the eompli* 
cated wheelrwork is dii^Mnsed with, and the reqioBite 
motions to illustrate the principal ceteatial phenomena are 
produced by meaas of plain wheels and bands, so that an 
orrery or planetarium suitable lor all ordinary purposes 
may now be produced at little m(»e than one-third the 
usual cost of these instruments. 

The Oreat Vertical Orrery. (196). — ^It is nine fSoet in dia- 
meter, and is designed to aid in the study of astvonomy, 
represenling the principle bodies in the solar system ; and 
shows all the planets and thdr attendant aateUitea re- 
volving round the sun in th«ur proper order. l%is orrery 
gives a general idea of the relative position and revolntiona 
of the planets and satellites. 

The rate of motion on the orrery is for Mercury 1 minute^ 
the Earth 4 minutes, Saturn 2 hours^ and for Neptune 
nearly 11 hours. 

A Umariim (191^ the merits of whi<^ are, that the 
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Instniment has a cantrivamoe for exhibiting "^he dittfnal 
liliases of the moon as it revolves round the esath ; snd 
^o for deserihir^ the ascending or descending nodeSy 
"GsoB showing the cause and nature of an odHpse. 

Mechanical Indicator (208), for teaching geography. %i» 
map is on ft board. The degrees of latitude and longitude 
are shown on its fkse ; bat intrt^ad of the names of cocoih 
tries bmng painted on it, a number of brass pegs are plaoei. 
'Where thej should have been. The pupil is required to 
poiBft to a certain place. He touches a peg, aind a ecFtt^- 
spending one rises with the name, showing whether or 
not he has toudied the right eose. 

The Awtmrama' (193) is in iofem a silk ntnbrella, p«tlRi»- 
iwted in sacii n mtassteft as to represent the stars of all 
iibe norf^mm oonstefiatiocts, aad of the most important <^ 
ihe sdrthem. ^e figores of the constellaticms thenisehtflft 
«re alM iefocted and n«med on the eocteave code of ite 
instrument. T^e little book by which it is acobmpa&iecL 
furnishes ins^ametioiis fov its use, smd by means iji the 
twoy most of the prol^enKS, &a, uwiaJly perfonned on tl» 
celestial ^obe, may be worked in a simple, intelligil^ and 
amusing wfty, witiioiit ^le impedkneirts to the undeiv 
standing of tlte young pupl, whioh the «o«vex mtrheB «f ft 
vgherey and the equally unnatursd form of liie piasi«plMi% 
necessanly prodiuce. 

2%e Geegraphiccd Ingfyrncter (188) is a globe which is cdfr- 
tinuaUy revolving east with an endless rotary moti<on and 
ft vibratory action ; it makes <me revokutkm in ev«iy hoto^ 
«Dd in 24 houm it shows the two seasofos of i^ yea»«^ 
winter aad simmier, the sun being so fixed as to show its 
.offset on the north and south poles, and its appearance on 
the earth ev«ry month in the year. The interior arraage- 
maits of this globe are so constructed as to show the 
return of the reasons, and the exact motion of the earth 
in its varied rotary action. The observer wUl perceive, by 
the soaroeiy visiblo motiooy when the seasons are b^inming 
to advance or recede from the north or south pde& The 
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exterior propelling power which forms the time-table and 
rotazy action, may be detadied from the crank-handle 
motion, that the ^obe may be propelled by the crank, for 
the more ready teaching the use of the globes, and for 
x>ther scientific purposes. 

Ilie Or^iochronograph, (347). — ^An instrument for ascer* 
tabling correct time — for country clergymen, watchmakers, 
and persons who have the care of public docks, the lover 
^f mechanics, or the mathematician, while the mariner 
will find it serviceable when,, on milking the land, he wishes 
to test the accuracy of his chronometer. 

The instrument consists of two horizontal circular plates 
.parallel to each other ; the upper one has an aperture for 
the passage of the solar ray, the lower one is engraved for 
the purpose of making an observation. The lower plate is 
supported by a pillar resting on a tripod foot, furnished 
with three adjusting screws. The upper plate is raised or 
lowered by a rack working out of the pillar, by means of a 
.pinion and friction roUer acted upon by a milled head. 

The method of taking an observation is to place the in- 
strument upon a stand, taking care that the letters N. and 
S. on the lower plate be placed north and south, or as 
nearly so as possible. If this be determined by the com- 
pass, allowance must be made for the variation ; but rigid 
accuracy is not essential, as there is sufficient range on the 
lines for a long interval By means of the three screws or 
feet, adjust the instrument to a horizontal position, which 
.is proved by placing the spirit-level upon the lower plate, 
. first east, west, and afterwards north, south. Then raise 
or lower the ray-plate until the sun's ray appears on the 
line on which it is intended to make the observation. 
The most simple process is by two observations, either 
when the ray is in contact with the outer side of the belt, 
or appears exactly between the double lines. 

In either case note the hour, minute, and second, when 
the ray is in its first position, leave the instrument star 
tionary until the ray, after traversing the plate, has arrived 
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«t the second position, and again note the time as accu- 
rately as possible ; add the results thus obtained together, 
and divide the sum by two. The latitude of the place of 
observation being known, or observed from the table of 
latitudes, turn to the table of equal altitudes, and find the 
^equation for the day of the month, which is to be added 
or subtracted from according to the direction there given ; 
then the difference between this result and 12 hours will 
show the error of the dock as compared with solar time. 
Lastly, this error is to be corrected by the equation of 
time. When the error and the equation are both fast or 
both slow, subtract the one from the other — ^when they 
differ, add them ; then the sums or difference will give the 
error as compared with true mean time. 

Models and Maps of the Mom, (Exhilntors 677, 688, 373.) 
— ^Mr. Nasmyth's researches are well known. By the aid of 
telescopes constructed by himself on the most approved 
principles, he has derated years to the examiii«t«»i of 
the lunar sur&ce. The map exhibited is one of the 
results of his observations : on it are shown the relative 
positions and characters of the most striking features of its 
suT&ce, as they appear when seen under the most favour- 
able dicamstaiQceB in respect to light and shade. 

The model (677) is intended to illustrate the discoveries 
of astronomers with respect to the physical peculiarities 
displayed on the visible surface of our beautiful satellite, 
with the view to render those wonders appreciable by 
young students in the commencement of their scientific 
inquiries ; -thus attempting to convey to the mind, at one 
view, the three grand distinctive features of this body ; 
giving a general idea of their relative position ; and 
showing that this surface is either thrown up into circular 
ridges, conical hills, and mountain chains ; depressed 
into valleys aftd cavities, or spread out into slightly 
undulating plains of vast extent. 

It is also designed to draw the attention of the young 
geologist to the distinction subsisting between the nature 

Q3 
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of the shadowed and the more brifliant localities of our 
aooondary: and, finally, to elicit the more lengthened 
opinioBB of the man of science, as to the probable sti^ at 
which the planet may have arrived, admitting it to be in a 
transition state. Mr. Nasmyth conceives the moon's sttp- 
&oe to indicate perfect repose ; no change, in aH proba^ 
bility, has taken place for ages. • 

This model is an onginai production of a lady, who 
appears to have studied with much sieal all that has been 
published relative to the oondition of the hinar surface^ 

Model or EeUef Mapping. — ^The advantages of the model 
map (317) are, its being intelligible to all persons, at the 
same time that the utmost accuracy is preserved ; its ad^ 
mitting of geological record without defacing the surface 
or confusing the observer ; its admitting of considerable 
embellishment as a work of art without depreciating its 
use as a documentary record ; and its presenting to tlie 
eye all the capabihties of an undulatory surface, not onfy 
for effective and systematic drainage with resx>6ct to out^ 
falls, but for the profitable distribution and axipUcation of 
the water an^ refuse collected by draining, in a form so 
simple and natural that landowners and others, without 
qualifying themselves as engineers, may scheme and oateu- 
late the value and use of surplus waters. It is particularly 
in respect of this last point of view that attention is sought 
to the advantage of modelling. It is not necessary to say^ 
that from the wet land of this country — ^land abeady 
drained, or to be drained — a \list quantity of water is 
derivable ; the existing desire among landowners and occu- 
piers to drain their lands, and to get rid of the injurious 
waters, testifies to this fact : but it is not so generally 
admitted, that these injurious waters, rendering so many 
acres comparatively unproductive, are, by a simple consi- 
deration of the altitude of adjoining lands, frequently avail- 
able for profitable use : still such is the case. The greaiter 
portion of the wet land of this country, and in Scotland 
and Ireland, will be found, on examination, to be situated 
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on higher levels, and it will be fbund also that knds bus- 
c^tible of irrigation lie below them ; so that by dfrecting 
the main drains to a partkmlav point of an estate, the water 
thus brought together may be used in irrigatihg, or turned 
to profit, down a steep inclination, as a motive power. 

Angle Meter, (374). — This instrument is so constructed 
that all angles of rocks, or strata, can be taken by it with 
the greatest acc«n»cy; thus enaUing the miner more 
readily to sink shafts, or dadve levels, to work mines, or to 
discover mineral, lodes. It i» also calculated for taking 
aii^s or inclinations in magineering and architecture, road 
and drain making, levelling, or elevating guns and field 
pieces, &c. &c. 

Level for the purposes of Draining, (374.) This level is 
formed of an oaken rectangular rod, turning upon an axis 
placed at th^ middle of its lower surikce, and by means of 
a }^te and screw secured firmly at a horizontal level, or 
any given inclination. On its upper surface, imme(HateIy 
dt>ove the centre of motion, is placed a small spirit-level, 
and at each end of the rod an upright plate of brass, con- 
taining the cross^wires. At the end nearest to the ob- 
server is ^placed an additional sight, moveable by means of 
a screw within a graduated groove, which indicates by the 
value of its divisions not only the Hne of horizontal level; 
but the rise and fall of distant objects above or below the 
place of observation. 

The levels (320) are of a superior description, and should 
be examined. 

Drainmg Levels^ &c. (Exhibitors 317, 353, 362, 374.)— 
The object of the instrument (317) is to assist foremen 
and workmen in testing and preserving a uniform* fall in 
all works requiring such regularity. A spirit-level, if un- 
derstood by workmen, is a thing easily put out of order, 
and is at all times hable to be broken ; its use, therrfote, 
is dreaded by workmen, as a process involving too much 
time, care, and precision, for their fingers to perform. 

If the first object of the drainer is to direct his drains 
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according to the best fidl of the ground, the next point of 
importance La, that the floor of the trench, and the course 
of the pipes or conduit^ should be even and regular from 
the top to the bottom of the drain, so that the contents 
may flow easily to the outlet. Any hollow in the drain 
intercepts the sedimentary matter which the flow of the 
drain-water would otherwise carry out with it ; the sec- 
tional area of the water-way is thereby leasened, and the 
sediment^ gradually accumulating^ after a time causes a 
stoppage, the drain bursts, and .the work has to be re-done. 
In laud drainage and towns sewerage the great deside- 
ratum is how to connect with the ground plan of any 
district the altitudes of its surface in every party so as to 
convey practical data for the execution of the necessary 
works. It is true that^ apart from each other, an accurate 
ground plan with longitudinal and cross sections, or a 
system of contours, may be taken and so represented on 
paper that any one of ordinary capacity may understand 
them in their individual characters ; but there are few per- 
sons not practised in such matters who can connect a ground 
plan with either detached sections or oonnected contour 
lines with sufficient mental fiuulity for useful application. 

Drawing and Mapping InxtrttmewU, (£xhibit(HB 318, 383, 
340, 347, 348, 361, 352, 353, 368, 361.>--The8e instrumenta 
are very numerous, and without entering fully into a de* 
scription of them, little more can be done than refer to 
them from the numbers in the Catalogue. 

(316.) The object of this instrument is to draw v(dutes 
and other spiral curves, which it effects in a very perfect 
manner, and with much novelty iu its arrangements. 

(323.) Those instruments are shown by the exhibitcur 
for the superiority of the workmanship, which consists in 
the joints and points being made of the finest-tempered 
steel, and all the fittings and setting being true, so that no 
shake or tremor may occur when in use, which enables the 
engineer, surveyor, or student to set out the most dehcate 
and minute plajus with accuracy and despatch. 
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<3(I2.) For drawing radiating lines, and (348), the Tnetro- 
graph, an instrument to enable a person to draw any ob- 
ject from nature, by actual measui^ement, should be ex- 
amined . 

The case of drawing instruments (322), is one of the 
largest and most complete of its kind. 

Azimuth and Steering Gompojss, (55). — ^Amongst the evils 
arising from the present construction of compasses are,- 
the friction arising from the imperfect modes of suspen- 
sion, which is that of a hollow cup in the centre of the 
needle, resting upon a steel point, in which ca^e it is ob- 
vious that a want of horizontality in the card will cause 
considerable Motion between the convex sides of the pivot 
and the sides of the cup. Secondly, a considerable error, 
is caused by the assumption, that the magnetic aanis of the. 
needle coincides with what is caHed the Tnaker's axis, which 
is the line determined by the marks or aero points on the 
extremities of the needle ; which error in flat needles, 
such as are usually apphed to compass-cards, ia frequently 
of such magnitude as to be quite inadmissible, even in 
compasses for c<»nmon purposes, much less for those in- 
tended for accurate experiment. Thirdly, another source 
ofinconvenience and inaccuracy arises from the unequal 
amount of inertia as regwrds the axis, or horizontal line 
drawn through the centre of the card, about which hne it 
is compelled to vibrate or deviate from its horizontal po- 
sition by means of the alternate pitching and rolling of 
the vessel. To explain this, suppose a vessel steering N. 
or S. by compass, a pitching motion would in this case 
cause the cawi to move about a line drawn through the E. 
and W. points, and this arises from the circumstance of 
the gymbal apparatus in which the card is suspended not 
completing its vibration in the same time as the card does 
in its vibrations above and below the horizontal plane ; 
which difference in the time of vibration of each, causes 
the convex sides of the pin upon which the card turns to 
come in contact with the sides of the cup in which it 



380 lUMoaaC^ qonF4WH> to (Ciwx. 

moves, and thereby cammiiniratwi > -nbaJUxj motioii to 
the card. From the pontLon of the needle with respect 
to the axis r^erred to» it is plain that the diatanoe of the 
centre of gyration, and consequently the time of vibraiioa 
aibout that axis, is a majrimnwi. 

Again, in a rolling motion (thai is, abont the axis of the 
vessel), the vesseTs head being in the same direction^ the 
card from the same cause will in this case yiboate about 
an axis drawn through the N. and S. points of the card; 
and the time of its vibrati<ML is then a minimnra. 

In any other motion of the yeesal, the cocreiq^ndiBg 
motion of the card is compounded of these two efiBsctSy 
which produces the ''waddling" or undnlatory motion 
observed when the motion o£ the vessel is oaDsidenblo 
and irregular. However well, therafoze, the gymbal sj^pa- 
latus, in which the card is placed, is bahoiaed, yet as ib» 
card has a motion or time of vibration peouliar to itself 
depending upon the position of the axis of its vertical 
vibrations with respect to the axis of the needle — ^wMoh 
vibrations are not altogether under the control of the 
gymbals, although its vibrations are continually checked^ 
and its quiescence, disturbed by ity in oonsequanoe o£ the 
supporting pin coming in contact with the aides oi the 
eup, as before mentioned — yet in the pnesent constracti0n 
of the binnacle compass, the card ever will be subjeet to 
irregular deviations from the horizontal plane, axising 
from this cause. 

The mode by which these evils have been removed i% 
by altering the nature of the suspension ; that is, by sus* 
pending the card in a similar way to the balance <^ a chro^ 
uometer, and with equal delicacy, both ends of the pivot 
acting on diamonds, and the holes jewelled, by which 
meanH the card is constrained to move very neoxty in the 
horizontal plane, since in this respect it is entirely und^ 
the control of the gymbals. The friction is also con- 
siderably reduced by this mode of suspension. The 
great accuracy with which the card returns to the same 
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portion has been shown by a ^gieat number of expe- 

ruoents. 

The AUUude a/nd Azimiah <7m^ (322) is tho oidy large 
instrument in the Building with divided circles : it read* 
to seconds, and is in many re«qE>ectB to be regarded as an 
exodlent example of the work of a mathematical instru- 
ment maker. 

Sextants are erfiibited by 271, 882, 349, 350, 351 ; an** 
numerous surveying instnmients of great value and most 
excellent character will be found in this Class. The com- 
pensation bars and microscopes, used in the triangulation 
of the United Kingdom, are deserving of particular afctenJ 
tion, from the perfection of workmanship and complete- 
ness of all the adjustments. 

Astrcnomioal Instruments. (Exhibitors 187, 254, 320.) — 
In addition to ihe fsw instruments of this Class in the 
Gflileiy and Boss's Jarge equatorial telescope, Messrs. 
Troughton and Simms have recently placed near the West 
Avenue a collection of first-rate astronomical instruments. 
The largest of these is a six-feet equatorial for latitude 25°, 
with dock movement, regulated by a centrifugal governor. 
The celebrated Westbury circle, by the late E. Troughton, 
is an instrument of much historical interest. A four-foot 
transit oirde is a 'highly-finished instrument of the best 
construction. The lamp that illuminates the cross wires 
is made available for illuminating two micrometer micro- 
copes, by the aid of two prismatic lenses : the pencils of 
light pass through two apertures in the sides of the lamp. 
A ixansit instrument, made for the coast survey in the 
United States, is a veiy well-arranged instrument ; the 
axis is converted into a telescope by means of a small 
object-glass at one end and an eye-piece at the other, and 
the instrument itself is capable of being raised on Y's of 
vukanised India-rubber, and turned round the primo ver- 
tical by a wheel and pinion, for determining the east and 
west points, pivot errors, &c. A two-foot altazimuth, with 
nadir point, is a very fine instrument ; a small equatorial, 
a small diagonal transit, a transit theodolite, and a mounted 



352 TIDS GAUOB. [GImX. 

reflecting cirde and sextant, complete this spkadid series 
of instruments. There are, also, some standard measuring 
rods. One of these is supported on mercury, as proposed 
by Mr. Sheepshanks ; another by a series of eqiial-armed 
levers, as proposed by Professor Miller. 

Near these are a few highfy-finished instruments by 
Dollond. A small double transit circle appears to be a 
Teiy comphoated instrument. We also observe a two-foot 
transit circle, divided on both sides, with four micrometer 
reading microscopes, the supports of which look rather 
weak. There is also a telescope which we suppose to be a 
comet-finder, and two small transits. 

Tide Gauge (152). — Several contrivances have been in- 
troduced from time to time for registering the rise and 
fall of the tide. These have been more or less accurate, 
arising from the fHction and defects in the indicating ad- 
justment. The distinguishing peculiarity of the tide- 
gauge exhibited is its freedom from grip or friction. One 
is stated to have been working for three years, and the 
curves of the rise and fall of the tides, day and night, for 
the whole of that time have been traced faithfrdly and 
clearly. Time is noted by an astronomical clock, which 
keeps mean time, and is made to go more than fourteen 
days without winding up ; so that the instrument, which 
is perfectly self-acting, and requires no superintending, can 
be left to itself for the full period of fourteen days, that 
is, from new to full moon, and full to new again, or, in 
other wor4s, from one spring tide to another. Then the 
diagram, on which has been traced the tidal curves for 
fourteen days, is removed and another put on, and then — 
and oDjy then— the clock requires rewinding, thus insuring 
the necessary attention at the proper time. A system of 
wheel-work is applied externally to show the depth of 
water on a lai^e scale ; and externally, to an observer at a 
great distance, the actual depth of water there may be on 
bars, or shoals, or any other given place, at the moment of 
observation. 
The large wheels are turned to a certain circumference ; 
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•and this machinery is entirely worked by the tide-gauge^ 
and at any distance from or elevation above it. 

An Apparattu of peculiar construction^ showing the Bias 
and Fall of Tides. (190.) — ^This must be classed among 
one of those curiosities of the Exhibition which it would 
have been Mendly to have excluded. There is Uttle 
doubt but the exhibitor is a man of an ingenious mind 
and much industry, but unfortunately he represents a 
dass of men who venture to invent while yet in perfect 
ignorance of the truths which investigation has placed 
beyond all doubt. This is mentioned in no unfriendly 
feeling, but the contrary ; and as an example^ the exM» 
bitor's own words, without further comment, are left to 
speak for themselves : — 

"• The article I sent to the Exhibition is an apparatus 
to illustrate the idea of the earth being a hving creature 
encased in a shell, as a snail-house or searshell, and by the 
action of its heart causing the tide to ebb and flow. 

^ Press down the blower, and the heart (as seen through 
the glas^ that is on the top of the shell) will contract, 
causing the tide to rise ; let the air out of the shell, and 
the heart will expand, causing the tide to falL 

^ I want a patron that would enable me to show how 
the tide causes the rotary motion of the earth, which only 
poverty prevents my doing." 

Metal Oauge (298) for ascertaining the thicknesses and 
weights of plates and rods of metaL 

The principle of this gauge is the progressive movement 
of a most accurately cut screw, to which is afi^ed a dial 
or circular index : this can be divided, so that each space 
shaU indicate that the screw has advanced the 1000th 
part of an inch, or otherwise set out as may be required. 
Thus, to show the weights per foot super, run, &c., of any 
particular metals, alloys, or other material, or with any 
arbitrary line of numbers, such as the ordinary wire 
gauge. 

The gauge which is placed in the Great Exhibition has 



Ae <Nrter civcie of tiie dial ^Byided, so iSnt eack miiMr 
diviBioii icpraMnts 1 os. per foot saperficisl of slioot ire^ 
mp. gr. 7il8. 13ie pounds atnd quarters being marked off up 
to SO lbs. to the foot^ irbich is exactly balf an inch thick. 
The mi^ils of kdj otber metal, ftc^in fike manner may 
be engMved en the ^Kal, or of several metaiis in concentm 
linoB ; er, ike dial only being divided to show the weight 
«f one, dl others may be ascertained hy the use of Hxf^ 
ward's sfiding scale of equivalents. 

This scale of eqaxTalents appears to have bom cakxi- 
lifted with much care^ and if found to be^ in practice^ 
strictly aceomte^ it mnst pro^e very valnaUe. 

Thread C omde r (985.)— Tins im^rumeBt^ caDed a hnen- 
prover, is for ascertaining the number of threads, warps, 
«r lAiutes in any tactile fabric, espeoialy adapted to the 
tMe of manoikctnxeis of lawn, hnen, cotton, and silk goods, 
aad also useful to merdtants or dealers in these articles, 
to ascertain the quahty of their goods. Without a draw- 
Big l^is may not be clearly understood. Under an eye- 
l^asB is a fine pemter, whic^ is moved fipom fiunad to 
thread over a scale, by means of a very fine screw, so that 
the numbers are accurately measured off in a very easy 



3%e Opisomeier, — ^This simple instrument maapmres the 
length of roads, rivers, fences, walk, &&, on any map at 
piaii which is drawn to a scale, without requiring any arith- 
metical calculation. It may also be a|^3iied to measioe 
any oorvilinear sur&ce. 

Tk» principle of the opisometer is, that, after having 
been ap]^ed to any line, it retraces or measures backwards 
piedsely the same length on the scale with which the line 
is to be compared. It c<»isi8ts of a milled wheel with a 
«ieel screw for its axis, mounted on a convenient handle ; 
the cireumfereDce of the wheel being accurately deter- 
mined, an index is attached, which moves over one gra- 
duation at each revolution of the wheel To measure the 
langthof aline, as the distance between two towns by the 
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Boad ttaced nptm a Tojespy txHii ilie milled ^eel tip to one 
end of the aostem mtta it stops, and place fhe instrument 
en tbe map in an npr^lit position, as represented in the 
dixwing, the wheel resting npon one extremity of the fine 
to he measured, then run the wheel along the road, follow- 
ing erety bend as closely as possible. Care mnst be taken 
to keep the whed in contact with the paper, bat the pres- 
wxn need not be such as to injure the map. When the 
wheel has arriTed at the other extremity of the Hne, liffe 
the instrument carefully from the paper, and carry it to 
the aero end of the scale, run the wheel backwards along 
the scale until it stops at the same end of the screw &om 
wkieh the measoremait began ; the dirision of the scale 
at which the wheel stops i^ows the length of the M&e 
measiired On the map. Shaold the scale be shorter than 
the line measured, when the wheel arrires at the end, 
cany it to the zero mark again as often as may be neccEh 
Muy, eonnting the number of repetitions. 

The difficulty of measuring lines of donMe curv a t u re is 
«Dtii«^ removed by the use of the opisometer. 

The Tem^^est Frognoetiecsior (151.) — I>r. Merryweather, 
having paid much attention to the peculiar habits <of tire 
leeoh, and particularly noticed the influence of electric 
changes upon that creature, was led to the construction of 
£be instrument exhibited. Leeches leave the water and 
ca^awl to the upper part of any vessel in which they may 
be kept, under certain conditions connected with* ai^no- 
spheric changes, and these the exhibitor is disposed to 
4S0iDneet with storms. He states, in his < Tempest Prog- 
nosticator,' that he has satisfactorily predicted a great 
iminber of severe gales by taking the leech as les indicates, 
in the arrangem^it exhibited there are some neat meeha- 
nical contrivances, by means of which, as the leech crawls 
np out of the water, a beH is rung, whidi is the indication 
«f atmospherical chmsige. 

f%e Ceff^ifwtfaL MatMne, for iilmstraiing Flanekiry MaH&n^ 
0S7.)— Tlie chief object of this machine is^ to exhibit the 
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remarkable ceuirifugal ieudeocy of all bodies, having s 
longer and shorter azia^ to revolye upon the shorter. This 
tendency is common to all planetary bodies, as far as we 
are acquaint^ with their motions, as well as to all bodies 
on or near the earth's surface. To illustrate this, a model 
of the planet Saturn is suspended by a string, attached to 
its loti^fer axis, and set in revolution by means of clodn* 
worL As soon as it is in motion, the model of its own 
accord quits the vertical position, and assumes a horizontal 
one, which it retains as long as the motion is kept up. It 
is thus seen to rotate on its shorter axis in a space repre^ 
senting the solar system, surrounded by the twelve signs 
of the zodiac, in the same way as the planet itself is revolv-^ 
ing at hundreds of millions of miles distant 

Lenses. (Exhibitors 250, 254^ 259, 278, 289.)~The pro* 
cess of grinding lenses is one of very great nicety. 

The glasses for the lenses having been selected of suit* 
able quality, they are brought to the circular form with fiat 
pliers called shanks, the jaws of which are made of soft 
iron, that they may the more readily embed themselves 
upon the glass, and take a firm hold. The pressure of the 
pliers, applied near the edge of the glass, causes it to 
crumble away in small fragments, and the process is called 
shanking or nibbling. 

They are next coated on one side with a layer of cement^ 
about half an inch thick, to form a handle, by pouring 
as much melted cement as will lie on the glass without 
running ofi* from a ladle in small quantities. 

The glasses are in all cases rough ground separately, 
either vdth river sand and water, or coarse emery and 
water, until the surfaces are brought nearly to the curve 
of the shell, as the grinding tool is called. 

Up to a certain point all lenses, those of the best or of 
the commonest quality, are treated alike. But for grind* 
iug the glasses to the correct form, and also for polishing, 
they are operated upon either singly, or several together, 
according to the size and the degree of accuracy required 
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in the lenses ; the best lenses for the object glasses of 
telescopes being ground and polished singly, while, on the 
other hand, as many as four dozen common spectacle 
glasses are sometimes cemented upon a runner, and 
ground and poUshed at the same time. When several 
lenses are to be ground and pohshed together, the number 
must be such as admits of being arranged symmetrically 
around a central lens, as 7, 13, 21 ; at other times, a group 
of four forms the nucleus, and the numbers run 4, 14, 30. 
Lenses of medium quaUty and size are, however, generally 
ground true, and polished seven at a time. 

In 259, the arrangement of the lenses upon the " runner" 
k shown. 

The following is the description of the set of single 
lenses, 308, which serves to illustrate the relation of the 
focus to the magnifying power : — 

Magnifying 
No. Foci. Power. 

1 i*g of inch 60 times, linear. 

2 A „ 120 

3 Jb „ 180 

4 Jn » 240 
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it 
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99 


b'o 


99 


<& 


99 


*, 


99 


<s> 


99 
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. 99 


,k 


99 



300 



6 A » 360 

7 ^ „ 420 

8 i, ,9 480 

9 ^99 540 
10 ,j^ „ 600 

Achr<yrrhatic Lenses. These were the invention of Mr. 
Dollond, and are produced by combining two pieces of 
glass, the refractive powers of which are dissimilar — as, for 
example, crown and flint glass. In case 274 is a good ex- 
ample of a mode of correcting chromatic aberration. 

Microscopes. (Exhibitors 248, 249, 252, 253, 254^ 257, 
259, 263, 269, 287.) — ^The name of an instrument for 
enabling the eye to see distinctly objects which are placed 
at a very short distance from it, or to see magnified 
images of small objects, and, therefore, to see smaller 
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objects than would otherwiae be visible. Tlie name » 
denyed from two Greek words. 

So little is known of the early history of ihe mJcrosGopey 
and so certain is it that the magnifyiDg poww of tenses 
must have been discovered as soon as lenses were mads^ 
that there is no reason for hazarding any doubtful specu- 
lations on the question of discovery. We shall proceed^ 
therefore, at once to describe the simplest forms of mi- 
croscopes; to explain their later and more important 
improvements ; and, fijially, to exhibit the instrum«nt in 
its present perfect state.* The use of the term magnify-* 
ing has led many into a misconception of the nature of 
the effect produced by convex lenses. It is not always 
understood that the so-called magnifying power of the 
leus applied to the eye, as in a microscope, is derived 
from its enabling the eye to approach more nearly to its 
object than would otherwise be compatible with distinct 
vision. The common occurrence of walking across the 
street to read a bill is, in fact, magnifying the bill by ap- 
proach ; and the observer, at every step he takes, makes a 
change in the optical arrangement of his eye, to adapt it 
to the lessening distance between himself and the object 
of his inquiry. This power of spontaneous adjustment is 
BO imconsciously exerted, that imless the attention be 
called to it by circumstances, we are totally unaware of 
its exercise. 

"We owe to Mr. Lister the priiiciples and results ob- 
tained to form a combiaation of lenses which transmitted 
a pencil of 50 degrees, with a large field, correct in every, 
part. As this was the foundation of the improvements in 
achromatic microscopes, and as its results are indispensar- 
ble to all who would make or understand the instrument, 
we shall give the more important remarks in Mr. Lister's 
own words : — 

** I would premise that the plano-concave form, the cor- 
recting flint lens has, in that quality, a strong recommen- 
dation, particularly, as it obviates the danger of error, 
which otherwise exists, in centreing the two curves, and 
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iiiereby admits of correct workmanship for a fi^orter 
&CUS. To cement together^ also, the two surfaces of the 
glass, diminishes, by very nearly hali^ the loss of light 
&om reflection, which is considerable at the numerous 
surfaces of a combinatioru I have thought the clearness 
of the field, and brightness of the picture, evidently ia- 
oreased by doing this :. it preveixts any dewyness^ or v^^e- 
tation, from forming on the inner surfaces ^ and I see no 
disadvantages to be anticipated from it, if they are of 
identical curves, and pressed closely together, and the 
cementing medium permanently homogeneous." 

These two conditions, then, that the flint lens shall be 
plano-concave, and that it shall be joined by some cement 
to the convex, seem to be desirable to be taken as a basis, 
for the microscope object glass, provided they can be 
reconciled with the destruction of the spherical and chro- 
matic aberrations of a large pencil. 

Mr. Pritchard, one of whose microscopes is shown 
(248), appears to have made the first practical advance in 
the manufacture of the achromatic microscope, and his. 
publications certainly led the way to the more efficient use 
of this instrument. The microscope exhibited fully ezem- 
phfies the principles enunciated by this eminent manu- 
facturer and observer. 

In the microscope (291a) is an ingenious mode of ad- 
justment, by means of a steel chain and spindle, instead 
of a rack and pinion : the motion is more tuuform and 
steady. The chain is also applied to the stage, giving an 
equal rate of motion in both directions,, and occupying 
less space. 

In 263 we have a compound microscope, with an achro- 
matic prism, the invention of the exhibitors. Aa a siib- 
stitute for the concave mirror, and for low powers, super- 
seding the necessity of employing an achromatic condenser^ 

The same exhibitors have a compound microscope, with 
an iron stand ; and another for students, of most econo^ 
mical construction. 

The two microscopes on the table 253 exhibit the 
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novelty of a cylindrical fitting tinder the stage, provided 
with rack-work, for adapting all illuminating apparatus 
more exactly, with increased &cility, and at less expense ; 
it also admits of arrangements (in connection with polar- 
ized light more especially) which were never before ap- 
plied. 

The two tables (intended for the use of the microscope 
only) are a new mode of furnishing complete instruments. 
The top of each is fitted with drawers for the apparatus, 
and revolves, so that the microscope can be successively 
turned for three or four persons, who can conveniently sit 
round. 

In the cabinet, the objects are arranged to lie flat, with 
the names exposed; and the porcelain labels outside, 
j&om which pencil or ink writing is easily effaced, afford a 
ready mode for alterations that may be required in classi- 
fication. 

Microscopical lUmtrations. (Exhibitors 256, 306.) — The 
drawings exhibited explain, to persons unacquainted with 
the microscope, what that instrument wiU do ; being cor- 
rect representations of the respective objects when highly 
magnified. Some articles of food in general use haye 
been selected ; and by showing what the appearance of 
the pure article is, when magnified, any person possessing 
a microscope may easily detect any adulteration in the 
articles they purchase. In that of milk, the microscope 
may be useful, also, to assist in the selection of a wet- 
nurse (under the direction of the professional attendant), 
the milk globules being larger, and more numerous in the 
healthy subject. Coffee, tea^ beer, &c., may be subjected 
to investigation, and their adulterations detected. In 
flour and bread a microscopist will determine whether any 
other grain than that of wheat has been mixed with it, 
and of what kind the adulteration consists ; as the starch 
globules of potatoes, barley, beans, oats, Indian com, &c., 
&c., have each some characteristic form and markings. 

The microscopical structure of bone, in the several 
classes of animals, is not only curious but instructive. 
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Healthy and diseased bones have a very different appear- 
ance from each other. In a geological point of view, the 
microscope displays its almost magical power. If a frag- 
ment of bone, however small, be fomid in any of the 
strata of the earth, it can be satisfactorily determined to 
what class of animals it has belonged; whether beast» 
bird, fish, or reptile. That of man is different from them 
all, though allied to the general character of the mam- 
malia. 

The hairs of different animals have, most of them, some 
distinguishing character. The structure of human hair 
"differs greatly from that of any other mammalian 
animal ; and, by a microscopical examination of the hairs, 
it has lately been determined, that some skin, which had 
remained for several centuries nailed on to a church door, 
(and which tradition stated to be that of a criminal who 
was flayed for committing sacrilege,) was really human 
skin." The scientific investigation of J. Quekett, Esq., of 
the Koyal College of Surgeons, London, very satisfactorily 
proved, that the hairs on that skin are human. The ac- 
count is contained in the second volume of " The Transac- 
tions of ihe Microscopical Society of London." All the 
drawings now exhibited have been taken with the aid of 
the camera-lucida, applied to the microscope, and the de- 
tails carefully finished afterwards, by observation, under 
the same magnifying power. Only one instance of dis- 
eased structure has been selected — ^that of the human 
lung, when affected by consumption. 

Tlie petal of geranium (252) well illustrates the wonders 
of the microscopic world. The piece drawn is hardly, if 
at all, larger than a pin's head, and yet it shows an immense 
amount, of the most complicated and beautiful structure, 
where to the naked eye nothing appears but a mere 
coloured membrane. 

Spectacles, (Exhibitors 259, 268, 271, 273, 276, 279, 280, 

283, 289, 290.) — Of these useful articles a very numerous 

class are exhibited. We have received many notes from 

the exhibitors, pointing out the particular merits of their 

I. R 
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produotions. These consist principally in the mechanical 
iHTangements of the frames rather than in any physical 
peculiarity of the optical arrangements — ^a few only of 
these can be noticed. 

Spectacles and reading-glasses are among the simplest 
tmd most useftd of optical instruments. In order to ena- 
ble a person who has imperfect vision "to see small objects 
distinctly, when they are not far from the eye, such as small 
manuscript or a small type, a convex lens, of very short 
focus must be used both by those who are long and short 
sighted. 

When a short-sighted person, who cannot see well at a 
-distance, wishes to have distinct vision at any particular 
distance, he must use a concave lens, whose focal lens will 
'be foimd thus : — multiply the distance at which he sees 
objects most distinctly, by the distance at which he wishes 
to see them distinctly with a concave lens, and divide this 
product by the difference of the above distances. 

A long-sighted person, who cannot see near objects dis- 
tinctly, must use a convex lens, whose focal length is found 
by the preceding rule. 

In choosing spectacles, however, the best way is to 
select out of a number, those which are found to answer 
best the purposes for which they are particularly intended. 

Dr. Wollaston introduced a new kind of spectacles called 
jterisccypic, from their property of giving a wider field of 
distinct vision than the common ones. 

Periscopic spectacles decidedly give less perfect vision 
than common spectacles, because they increase both the 
aberration of figure and of colour ; but they may be of use 
in a crowded city, in warning us of the oblique approach 
of objects. 

The improvement of the patent Pantoscopic spectacles 
is thus described by the exhibitor : — 

" The painful sensation caused by rays from every passing 
light or object striking the surface of the glass, is altoge- 
ther removed ; and, when the eye is directed upwards, no 
glass obstructs the object desired to be seen by the wearer. 
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^Vnien attention is directed by ladies to their work, or by 
gentlemen to the book or desk, no exertion is Tequiflite or 
needed to adapt the eye to the glass, as in the speotadieB 
of the old construction. With the head in its proper posi- 
tion (upright), and the book or work close to the person, 
no inconvenience is sustained, as the centres of the glasses 
are seen through : the hd rising, you see above the speoior 
tcles. Above the horizon the sight is unmolested, while 
below the glasses await you, resting in a plane with the 
book, desk, or needlework, the lid naturally descending to 
exclude the object above the level of vision." 

Amidst the interesting group of optical and philoso- 
phical instruments (259) will be found a very instructive 
series, exhibiting the progress of the manufacture of a pair 
of spectacles — ^from the rough wire to the finished frames 
— ^from the imground piece of glass up to the com^jletely 
adjusted lens. In the same group will 'be found many 
other objects well deserving attention as examples of pro- 
cesses of manufacture. 

The greatest curiosity is a pair of spectacles (320) weigh- 
ing under five grains, of exquisite workmanship. 

Barometers. (Exhibitors 117, 138, 140, 149, lfi7, 159, 160, 
161, 162, 163, 166, 259, 271, 331, 332, 396, 411, 674.)— The 
principle of the barometer will be popularly explained in 
the following remarks. As the air surrounds the whole 
earth, it presses upon everything, upon the land as upon 
the ocean. If we plunge one end of a tube into a vessel 
filled with water, the fluid will rise as high within the 
^jube as without, for the pressure of the air in the tube 
acts precisely the same upon the level of the fluid as 
without the tube. But if we abstract a portion of the air 
firom the tube, the fluid wiU continue to rise as long as we 
remove the air. By this exhaustion, the air within the 
tube is diminished, while the external pressure of the air 
remains the same. 

The preponderance of the external pressure of air raises 
"the fluid within the tube, until the weight of this raised 

b2 
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column of water equipoises the preponderance. If we 
entirely ezliaust the air in the interior of the tube, the 
water must rise (provided the tube be high enough) untH 
the weight of the raised column of water is equal to the 
weight of a column of air of the same base reaching to the 
limits of the atmosphere. In this manner we may ascer- 
tain the weight of a column of air, whatever be its height. 
We have to thank the mechanicians of Florence for the 
j&rst germ of the discovery of this important law. On 
trying to raise water above 32 feet in a suction-pipe they 
found, to their great surprise, that the fluid would not rise 
beyond that altitude. The rising of a fluid was explained 
at the time by saying that Nature abhors a vacuum ; but 
this reason did not satisfy Galileo, who, on hearing of the 
observations made by the pump-makers, at once came to 
the conviction that the gravity of the air was the true 
cause of this phenomenon. His pupil, Torricelli, gave 
convincing proofe of the truth of this conjectiu*e, and 
arrived at nearly the following results. In order that two 
different columns of fluid should be equipoised, it is neces- 
sary that their heights should be inversely as their den- 
sities. Mercury weighs nearly 14 times as much as water. 
If now the atmospheric air can support a column of water 
32 feet in height, it must also, according to the above 
view be able to sustain a colmnn of mercury of 28 inches 
in height. The experiment is easily made. We fill with 
mercury a glass tube of about 30 inches in length and 
closed at one end, and holding the finger over the 
open end invert it. If then we plunge the end closed by 
the finger into a vessel with mercury, and then remove the 
finger, the mercury will immediately sink some inches, 
until the elevation of the mercury in the tube is as much 
beyond the level of the mercury in the vessel, as follows 
from the above considerations. The column of mercury 
in the tube is to be regarded as an equipoise to the pres- 
sure of the atmosphere. This apparatus constitutes the 
barometer. The vacuum above the column of mercury ia 
oalled the Ton^icellian vacuum. 
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In the barometers usually employed, an adjustment is 
required every time an observation is made. In 140, the 
scale is suspended from a pulley, and attached to a float in 
the cistern. It is, therefore, self-adjusting, except so far 
as friction interferes with free motion. 

Under this head may be included the Meteorological 
Clock (60), which is designed to give a more correct mea- 
sure of mean time, and to register the mean hourly 
variation of the barometer and thermometer, in perma- 
nent lines, of variable length. 

The clock has a new vertical dead-beat escapement, with 
invariable force impulse jwJlets, the angle of repose of 
which is upon the teeth of the escape-wheel until the im- 
pulse is required. The reaction of the escapement is upon 
a point inst^ul of two bearings, as in the ordinary escape- 
ment. 

ThQ pendulum has two glass rods, the inner one of 
which carries the bob, the outer one the compound com- 
pensating bar, in which two metals of great difference of 
expansion are used, each metal having a screw of the same 
, pitch at its extremity. This entirely new arrangement 
gives a micrometrical adjustment for temperature. The 
metieorological attachment is very ingenious. The baro- 
meter and thermometer are kept vibrating by the clock- 
work, and as they vibrate, the variation in their radii 
of gyration is affected by temperature, or by the pres- 
sure of the air : the number of vibrations, more or less 
thus affected, corresponding to the height of the baro- 
meter, &c., are registered by a line, which is drawn on a 
paper placed upon a cylinder, the marks being fixed upon 
a rod in connection with the hour-wheel of a clock which, 
by descending the 20th of an inch each hour, determines 
the length of line. 

The inventor says: — "The baro-gymeter (barometer) 
and thermo-gymeter (thermometer), though attached to 
the gyrometer, as the instrument is named in the present 
instance, may, if required, be detached, and placed at any 
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cKstance, ec9«ii to that of a thoutnuid miles from the plaee 
of observation, and still the variation in the barometer^ 
to a &r greater nicety than by actual observation, may be 
transmitted and permanently registered, the electric wire 
being the means of commmncation f but he has not in- 
formed us by what meaxm this is to be effected. 

The Sympiesometer. (160a.) — ^This instrument was ih»' 
invention of Dr. Hooke. It consists of two parts — one is a 
common spirit thermometer, and the other a tube filled 
with coloured water and air. The open end of this tube 
is immersed in water of the same colour contained in an 
open vessel, so that it is exposed to the pressure of the 
atmosphere. This last part of the instrument will be 
aiffected not only by the atmospheric pressure, but also by 
temperature. The heat will dilate the air in the upper 
part of the tube, and by that means drive the water down- 
wards, while the pressure will force the water higher up in 
itietube. 

I^ at the time of the formation of these two instruments, 
their zeros were marked at the same pointy the gravity of 
the external air iremaining the same, their indications 
would be found exactly to correspond ; so that if a differ- 
ence in their indications took place, that difference could 
be ascribed only to the alteration in the atmospheric pres- 
sure upon the surfiau^e of the water in the open vessel In 
proportion, therefore, as the difierence between the two is 
greater or less, so is the alteration in the gravity of the 
air, from what it was when the instruments were first 
graduated. For instance, when the water in the tube 
stands above the division which corresponds to that to 
which the spirit points, it is an indication that the atmo- 
spheric pressure is greater at that time, than it was when, 
the instruments were graduated, and vice versd, Thia 
double instrument is more useM at sea than the common 
barometer, as not requiring a steady position, and it may 
have its scale of variation considerably enlarged by making 
iaa» bore of the tube very small in proportion to the capa^ 
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oity of iiB head. But experience has shown, that wheit 
this double ijistrament has be«i kept long, the included; 
air loses somewhat of its elasticity ; hence, in process o£ 
time, the water stands higher than it ought, and therefore 
indicates the gravity of the atmospheric air to be greater 
than it really is. The construction of the sympiesometer 
has been improved by different artists; but from the* 
liquids changing their states, and thereby producing an 
incorrect indication, it is not so generally used on ship- 
board as the marine merciuial barometer. 

The Aneroid Barometer, (Exhibitors 55, 137.) — ^Thi». in- 
strument i^pears to have originated with M. Conte, who* 
published a paper on it in the ^Bulletin des Sciences^ 
Eloreal, An 6.* This contrivance was essentially as follows : : 
— 4> bowl made of strong iron or copper was fitted with a» 
cover of thin sheet steel, the edges of which fitted with 
extreme accuracy. Springs were placed on the inside toi 
keep the cover at its proper elevation, and the air i* 
pumped out of this bowL Now, as the resistance of the. 
i^rings remains the same, this cover-plate rises or feJls aa. 
the atmospheric pressure varies, and these variations aie^ 
shown by means of a hand, securely fastened, which moves: 
backward and forward upon a divided plate. M. Yidi'& 
aneroid is, in principle, the same ; it is an air-tight box^ 
from, which the air is exhausted, so that it is pressed by 
the. atmospheric column. 

A few words may be required for the fru*ther iUustratioi^ 
of thi& subject. We know that the atmospheric pressure 
is about 15 lbs. to the square inch. Now the vacuum-vase 
being 24 inches in diameter, this sur&ce gives for its pro- 
duct a pressure of about 73 lbs. on the vase ; though from' 
many causes, this amount of atmospheric pressure is con^ 
siderably reduced. In order to ascertain the actual weight 
produced by the atmosphere upon the surfe^^e of thor 
vaouumrvase, recourse was had to an experiment, affording; 
positive demonstration. The hook of a steel^yard, or spring^ 
weighing-machine, was attached to the upper pact of th» 
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Taae, and, on being pulled up to the point poraDel to the 
top of the vase, showed the weight of 44 lbs. ; which was, 
therefore, proved to be the force by which the aneroid 
barometer was compressed 

This instrument is now very generally and satis&ctorily 
employed for many purposes beyond that of merely indi- 
cating changes in atmospheric pressure. 

By the application of this elegant httle instrumen|b, an 
opportunity is afforded the traveDer of Jeaming the l^vel 
of the railway along which he is passing, even at the 
utmost speed of the engine. It must be allowed, at least, 
that no mercurial barometer can accomplish Ikw purpose. 
The tourist may, by the same means, as he is ascending 
Snowdon, Ben Lomond, or Mont Bkmc, observe the deli- 
cate movement of the hand of the aneroid as he ascenda. 

An amusing experiment for showing the delicate sensi- 
bility of the aneroid, and its power of measuring small 
heights, maybe tried in an ordinary dwelling-house. Any 
one, on ascending from the basement to the attic, will per- 
ceive the gradual approach of the index, and its return to its 
original position, whenever he descends from the attic to the 
basement. The tenth of an inch is subdivided on the face 
of the aneroid into four parts : and generally speaking, if 
the hand goes back one-tenth of an inch, we may fairly 
conclude that we hav^ ascended from our starting-point 
about eighty-five feet ; and, of course, vice vena. Calcula- 
tions should be made according to this proportion. 

But to no class of persons will the aneroid offer advan- 
tages so great and so pre-eminently important as to the 
mariner, when we consider the life and property intrusted 
to his care, and the influence of the atmosphere on his 
safety. He knows too well, by experience, not only the 
tardy indications he is forced to be content with, 'from the 
sluggish action of the barometer in general use, but the 
difficulty of reading off those indications with exactness, 
when the vessel is in considerable motion. The aneroid, 
on the contrary, responds in a moment to the influence of 
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atmospheric pressare ; and thia it does without aj^ oscil- 
lation of the hand, that may occasion the least doubt m 
the observer. Nothing is more conmion than a sudden 
variation of atmospheric pressure to the amount, of nearly 
half an inch on the barometer. To point out this would, 
in the ordinary instrument^ inevitably occupy some 
minutes, while the mercury was forcing itself up or down 
the capillary tube towards tib^e point which is to give indi- 
cation. As an exemplification, it' may not be amiss to lay 
before the nautical man the case of his being, while in his 
cabin, made sensible, by means of the aneroid, of a suddeii 
change likely to take place in the state of the atmosphere. 
An important alteration might be immediately necessary 
in the adju^tment of sails, &o^ which, by the timely infor- 
mation afforded him through the aneroid, he would at 
once hav^ accomplished, long before the comm<m marine 
barometer had even signified the coming change. Instead 
of being obliged to proceed backwards and forwards from. 
the deck to his cabin to consult the mercurial barometer, 
he remains on deck with the aneroid in his hand, and is 
immediately certified of every atmospheric variation whilo 
he is issuing orders to the ship's company. 

The Bar(meter of Mines, (411.) — Explosions in collieries 
will not be prevented by merely hanging a barometer in 
the pit ; but they will be reduced in number, and greatly 
weakened in fatal effect, by augmenting habits of philo- 
sophical observation in the mine ; and one of the most 
essential points of this observation is, to look well to the 
rising or Mling of the barometer in the mine. 

This instrument acts by the pressure of included air 
against the atmosphere. By adjusting the capacity of the 
air cistern, the scale may be chosen ad libitum, and may 
exceed th^ common scale of barometer as much as may 
be desired ; but three or four inches to one, in the com- 
mon kind of instrument, is enough. 

The temperature of a deep mine (deep mines are now 
to be pronounced free from chance of explosion) is nearly 

r3 
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invariable at a given point — a correction for temperature is 
really not required ; but a rough scale for this purpose is 
put to the tube, we suppose, to show that the inventor 
knows what he is about. It will ^lot be wanted in a deeji 
mine, and ought not be put, except for the general pur- 
pose of improving the habits of mind of the over-men. 
The merit of the instrument is its cheapness, portability, 
large scale, and express adaptabiUty to carry out sugges- 
tions of humanity. 

2%6 Electrophorus. (411.) — ^In the ordinary instrument, 
which bears this name, the excited resin will communicate 
no removeable charge to the cover, unless, after contact is 
m^de between cover and sole, the former be touched by a 
conductor, usually the finger — a troublesome process, which 
banishes the instrument from use. In this instrument, 
that inconvenient process is replaced by a fixed conductor 
through the resin to its metallic base ; and by this ar- 
rangement, (which suggests a very elegant problem of 
electrical tension,) the charge becomes renewed, and is 
removeable as often as the cover is lifted, discharged, and 
r^laced. It will give sparks 2 inches long, if properly ex- 
cited ; and retain excitement for a long period of time. 

The Maximum Therrrmneter. .(411.)— The ordinary in- 
strument, so called, is inevitably a coarse and clumsy 
thing, totally unfit for delicate research, because the bore 
of its tube must be large enough to carry a wire. The 
frequent disorder of the instrument is well known. 

These defects are obviated entirely by making a very fine 
bore, and making the thermometer in the usual way of 
accurate calibration ; then, by blowing a second bulb, the 
means of separating a little column of mercury, and keeping 
it separate by a small quantity of attenuated air interposed, 
are obtained The column may be chosen of any length, 
and separated much or little. It will work well in every 
position, will never get disordered, and will record thermo- 
metrical differences of extreme delicacy, such as the tem- 
perattires of the coloured rays of the spectrum, which 
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have actually been measured, with great suocess, by an. 
instrument not half so large as the one sent for example. 
The little column will not go back to its place by mere 
tapping ; it is better to swing it. 

Tlis Anemometer, — ^The instruments of most reputation 
in researches on wind are best fitted for high velocities, 
and quite inapphcable to low currents of air in colUeries, 
hospitals, and ordinary apartments. Among many methods 
by which when engaged, by direction of Gk)vemment, on a 
GoUiery Commission, the inventor succeeded in measuring 
these low currents, he thinks none so appHcable to variety 
of current and situation, and so likely to be well handled 
by practical men, as this. From its construction, it will be 
evident^ that on it the force of wind is most accurately 
measured, by being weighed against the force of gravity^ 
in the light semicircular vane : that the force of wind 
bears to gravity the largest proportiofl in the lowest velo* 
cities ; and thus it satisfies the want of a correct indicator 
of low currents. It has been found by trial, in company 
with Dr. Amott and Mr. W. Harcourt, perfectly adapted 
to determine the amount of ventilation in the newly- 
erected county hospital at York. The calculation is 
effected by inspection of tables, involving only the argu- 
ments of weight of vane, and angle of deviation from the 
vertical The values of the degrees of deviation are 
written on the instrument, and by this it may be tried. 

The Haiti Gauge. (Exhibitors 396, 411, and 674.)— .Tlie 
object of the instrument 411, is to register the rain which 
fidls in such a manner, that the direction in which it 
comes, and the angle of inclination from the vertical, in 
which it descends, may be known, as well as the quantity 
which falls on a horizontal surface. 

This last is the only thing which a common rain gauge 
teaches ; but, for refined and accurate researches on rain,^ 
it is very important to have the other data, which no 
other rain guage has ever proposed t<> give. It has been 
made in different forms, and all succeed; but the one 
exhibited is the most approved. 
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• The quantity which falls on a horizontal surface is col- 
lected in the fdnnel, and passes down to the cock placed 
at one angle of the base. There are four side-funnels, 
with vertical edges : the rain which feUs in each passes 
down to a separate cock. 

> A glass graduated measure is employed in completing 
'the observation. Suppose the instrument placed with its 
^ce N. north-east, and that the rain comes from some 
•part between north and east, and not quite vertically, 
there "^ill be some rain in N., and in the funnels facing K 
and E. Then, by a simple computation — eottlparing the 
t^uantities in N. and E. funnels-^we find th^ tlirection be- 
tween north and east, in which the ram came ; next, by 
comparing these quantities with that recdved in the hori- 
zontal face, we easily determine the angle of inclination at 
which the rain descended. This is best done by tables, 
tmd is accomplished by inspection quite easily. It should 
fee done after each shower, or set of showers. 
^ Tile other rain-gauges are rendered self-registering by 
ingenious contrivances. 

' A Bloch of MmUe, (411.) — ^This is a piece of common 
niagnesian limestone, coloured by metallic oxides, exactly 
as nature colours her marbles. It is varnished with a 
Tslmish which stands heat. 

' Tlie-Stcmh-poiniier^ (322).— The typhodeictor, or storm- 
pointer^ ds an instrument for obtaining, by inspection, the 
bearing and relative position of a revolving storm or hur- 
ricane, constructed in accordance with the theory, com- 
nioitly Cfldled the law of storms, as made known in seveml 
publications by Colonel Reid. 

\ It is now a well-asoertained fact that great storms have 
a rotary motion like whirlwinds. The theory, commonly 
called the. law of storms, as made known in several publi- 
cations by Colonel Reid, has been established from thou- 
sands of well-authenticated observations in different parts 
of the .world, and extending over several years. It proves 
that in a gale of wind near to the tropics the winds blow 
with the greatest fury round a common centre. At this 
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centre there is little or no wind, even a perfect calm, but 
generally, en the ocean^ a terrific and confused sea. 

The most violent and demgerous part of these revolving 
gales is somewhere near this central calm, the wind there 
'blowing the most fiercely, acquiring, it is stated, a velodty 
of even 100 miles per hour. These storms sweep both 
'land and sea in certain parts of the globe ; their tract and 
-directions ure pretty well known ; and they travel from 
their birth-place to their destination at variable speeds ; 
Tsometimes not more than at the rate of four to six miles 
an hour, although the wind within their range is blowing 
round with the fury already indicated. 

If a ship unhappily becomes entangled within the range 

t)f these terrible gales, she is in great perU; matoy have 

'foundered, and others have pursued their fearfid course 

round and round until they have been reduced to hapless 

'Wrecks, dismasted and water-logged. Then, and then only, 

does the gale slowly pass over and away from them. 

In the northern hemisphere, these winds blow round 
the compass from east-by-north to west, on the contrary 
•way to the hands of a watch ; whereas, in a southern 
hemisphere, it is just the reverse, blowing round as the 
"hands of -a w«rt;ch would go. 

On these most valuable data, instructions have been 
drawn up by Coionel Eeid, and others, how to ascertain 
the relative place of a gale, so as to know whether it is 
approaching or going from a ship, travelling by its side, or 
passing across its piEith. 

Thus, an intelligent mariner, taking, these maxims for 
truth, will be able not only to avoid the fury of this 
terrible enemy, but can make it even subservient to his 
purpose, and offcen take advantage of it as a fiur wind. 
'The object of the instrument is, by graphic illustration, to 
show the means of avoiding danger and destruction. 

The DipUidoscope, (65). — This useful little instrument will 
be as perfectly understood by the following remarks made by 
the inventor as it is possible, without the u»e of diagrams : 
— ^"The time," in popular language, denotes a certain divi- 
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soon of the day, calculated from the sun's appearing at its 
greatest or meridian altitude at any particular place. When 
the sun has reached this altitude, it is mid-day or noon. 
The day, that is the time occupied by the earth in making 
one complete revolution upon its axis, is divided into 
twenty-four parts, or hours. 

In the course of this revolution, every part of the earth's 
surface must have been directly opposite to the sun ; or in 
language more scientifically correct, must have had the 
sun in the plane of its meridian: and the moment at 
"niiidi any particular place was thus directly opposite to 
the sun, was noon to the inhabitants of that place. 

Henoe it will be seen, that the word ^ noon" is a relative 
term, and that of any two places situate in different longi- 
tudes, noon will be earher at the place which lies nearest to 
the east If the distance be fifteen degrees of lo^tude^ 
the diflferenoe will be one hour ; and so more or I^s in 
proportion. 

To determine at all places the period of noon is the ob- 
ject of the dipleidoscope. 

The following £Buniliar illustration is introduced to fur- 
ther explain the optical construction. When the sun is 
about setting, it is not uncommon to see the rays so re- 
flected from the windows of a whole range of houses, as to 
convey the idea of a public illumination. While some por^ 
tions of the sim's rays are thus reflected^ other portions 
pass through the glass into the rooms. The rays thus 
transmitted (the rays of incidence^ as they were styled 
above) may be reflected at pleasure in any direction con- 
sistent with the range of the sun, by a person within the 
room, having a looking-glass in his hand. Now if, instead 
of throwing the rays upon a non-reflecting object (such as 
the wall, &c.), he were to transfer them to another looking- 
glass, they would be again reflected from this latter glass. 
Supposing these two looking-glasses to be placed at an 
angle of less than 90 degrees, in a manner corresponding 
with the position of the two silvered plaaes seen in the in- 
strument, he can reflect the sun's rays again out of the 



X.J. 7, 8.} BALANCED 37l( . 

wmdow. Now, if wq imagine the window to repraaeni the 
ottter reflector of the meridian-anstrument, its cansebixio- 
tion is, by this process, coihpletdy exemplified. To pniK 
ceed a little farther : it is evident that the angle and siiai* 
ation of the two looking-glasses could be so arranged as to 
direct the rays of the sun through any particular pane of 
the window ; so that a person standing without, in a pco^ 
per position, would see, in addition to the sun's rays 
r^eeted from the outer sur£eu>e <^ the paoe, the xays of inr 
cidence that had passed through the window, and were 
thus reflected from the double mirror. One of the lumi- 
nous objects (the flash or glare of the sun) so produojed, 
would be reflected from the surface of the window, and 
would be a sin^ reflection; while the rays of inci- 
dence, which had passed through the window, and under- 
gone a doMe reflection by means of the two mirrors would, 
on being thrown back by the mirrors through the window, 
move in a direction contrary to that taken by the single 
reflection from the surface of the window-pane. Hence, 
any one of the heavenly bodies, subjected to the eye by a 
process of the above description, would not only appear as 
two distinct objects, but those objects would be seen to 
approximate and cross each other in an opposite course : a 
desideratum being hereby secured which increases the 
power of the instrument in a double ratio. 

Balances. (Exhibitors 324, 333^ 334, 341, 344^ 358, 367, 
368, 671.) — The common balance or weighing beam conststs 
essentially of a rod called a beam, which revolves roimd a 
fixed horizontal axis inserted in its centre. When there 
is no load at either end, the beam should be in a perfectly 
horizontal position. To either end of the beam common 
scale-pans are suspended, which serve for the reception of 
the bodies to be weighed. If both pans are equally loaded, 
the beam will retain its horizontal position ; but if an unit 
of weight is laid upon one of the pans, the beam will in- 
cline towards that side. 

We will now inquire how the conditions above m^i- 
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tkmed can be satisfiecL If we first suppoBe that the scale- 
pans ace removed, and anaiime that the hoiizoutal aiis 
paaaea through tiie ceotre of ggkvity of the beam, we shall 
hove a case of indifferent equilibrium, and the beam will 
be in equilibrium at any angle with the horison. Such an 
armngemeot will not therefore fulfil the first condition, 
namely, that the beam should assume a horizontal position 
before the pans are loaded. This condition can only be 
f ulfilledy if the centre of gravity of the beam lie below the 
fttlcnmL 

If we draw a line at right angles with and bisecting the 
longer axis of the beam, this line must pass through the 
fulcrum of the beam^ and through its centre of gravity. 

The principal points to be attended to are : — 

1. The centre of ffra/viiy of the beam mutt Us as doeely as 
poesihU heUno the centre qfiuspensian, 

2. HicseiMihiUty of the balance mcreaset with the length of 
the beam, 

3. Hie beam must be as light as possible. 

In the delicate assay balauoes exhibited, those have 
been most carefully attended to, and the results are thet 
production of balances of the most extraordinary accu- • 
racy. 

333 and 334 are remarkably fine examples. The latter 
maker exhibits three balances ; one with a beam 3 feet 
long, adjusted to carry ^ cwt. in each pan, and when thus 
loaded, still weighing to j^th of a grain. The beam of the 
second balance is 16 inches long, to carry 2 lb. in each 
pan, and indicating ^th of a grain. The third balance has 
a beam 14 inches long, to carry 1,000 grains in each pan, 
and turn with t j^sth of a grain. 

The construction of the beams of the three balances is 
that with three straight knife edges ; the centre resting 
upon a plane, and the pans also being suspended upon the 
beam by planes. 

In the two smaller balances, the one to carry 2 lb., the 
other to carry 1,000 grains in each pan, the three knife 
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edges of the beam are made of agate, whereby the instm- 
m^it is protected against the attacks of any vapours that 
would affect the steel edges, which is very important for 
use in a laboratory. 

Sovereign Weighing Machine. — ^In connection with the 
balances, we must not forget to direct attention to 
CoUon^s Weighing Madhiney which has been extensively 
employed in the Bank of England, and a specimen of 
which has recently been placed in the Western Avenue ; 
it separates those coins that have, from those that have 
not, a certain assigned weight. A pile of coins being 
placed in a tube, the lowest is pushed out by a lever 
and deposited on the end of the beam, which, if the coin is 
of full weight, is depressed through a small space, but if it 
be too light, the beam remains stationary. A small piece 
of steel now advances from one side, on a level with the 
position that a heavy coin assumes, and immediately 
afterwards another advances from the opposite side, on a 
level with the position of the hght coin. If the coin has 
full weight, the first advancing piece pushes it into a 
receptacle, and the second has no effect ; if, on the con- 
trary, the coin is light, the first passes under it, and the 
second strikes it into another receptacle. In actual use, 
these operations are performed with great rapidity. 

The Magnetic Balance, (377.) — ^The beam of this instru- 
ment is a magnet, and its position is governed and 
adjusted by the repulsive action of two other magnets in 
the lower part of the instrument, which turns and may be 
adjusted to any angle by the graduated circles. The 
scale-pans are formed of shght silver foil, and suspended 
from the beam by single fibres of unspun silk ; they are, 
together with the beam, separated from the other parts of 
the instrument, by sUght partitions, to avoid the effect of 
currents of air; and the weights and materials are put in 
at the sides, where^there are sUding glass-doors. It will be 
evident, that the article, of which the weight is sought, is 
here weighed against the force of magnetism, instead of 
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that of gravitation. The advantages which it is stated 
this balance possesses over the ordinary balance, are, ex« 
treme seniubility (it being capable of indicating much less 
than the ten-thousandth part of a grain), and the facility 
-with which its indications are obtained for exceedingly 
minute quantities. 

Miner*9 Theodolite. (402.) — ^This instrument is essen^ 
tially different from the conmion dialling instrument, inas» 
much as it consiats of two plates, fitted up so as to revolve 
one upon the other by means of rack-work, on the prin- 
ciple of the land surveyor's theodohte ; which contrivance 
furnishes the practical miner with the*means of measunng 
all his horizontal angles by a vernier scale, without trusting 
to the needle. This is of great importance in modem mine 
surveying, as it is often found that the presence of iron^ 
such as pumps, railways, &c., renders Idie needle useless.' 

The limb is divided so as to read off the an^ from the 
points of the needle, as in the common miner's diaL It also 
enables the operator to do so with greater accuracy from, 
a vernier soale attached to the outer ring, and moving over 
the outer extremities of the same divisions. 

The quadrant consists of a semicircle of brass, with a 
traversing limb, to which are attached common sights, and 
a telescopic level The sights and telescope are not used 
together, but are so constructed that two small thumb- 
screws will disengage the one and attach the other. The 
instrument is complete without the telescopic level, that 
being principally used for surface surveying, levelling, &c» 

Under the ^te of the dial there is a small brass peg 
attached to a cord, which must be drawn out to allow the 
dial to revolve by the rack. When this peg is inserted, it 
can only be used as a common dial, and the rack must not 
be worked. There is also xmder the plate a small brass 
slide, which must be drawn out a little to give freedom to 
the needle, but which should always be pushed in wheDs 
the instrument is not in use, that the centre and agate 
may be protected. 
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The vernier scale to the limb of the dial readB to two 
minutes, or the thirtieth part of a degree. 

This exhibitor has several other very ii^enious survey- 
ing instruments, which our space will not allow us ta 
describe,. with the exception of — 

Fox*s Magnetic Dip and Intensity InstntmentSy whicAi are 
too important and too highly valued to be neglected. 

A fuU description of this instrument will be found in^ 
the 'Reports of the Royal Cornwall Polytechnic Society,^ 
to which those interested are referred. It is, of course, 
well understood that a compasa needle, a magnetised bar 
of steel, being mounted, free to move upon its centre, i&> 
drawn out of the horizontal line, and it is depressed or dip» 
towards the earth. This is caused by the power of terres- 
trial magnetism. Such a magnetic bar would swing peiv 
fBctly horizontal at the equator, and would exhibit a 
gradual increase in the amount of depression aa we pro* 
ceeded towards the poles, until at the magnetic poles it. 
would hang in a vertical direction. The angle which the 
needle makes with the horizontal plane is called the dip of 
the needle. The intensity of the magnetic force is known 
by the use of deflectors, or steel bars magnetised, by which 
of course the needle is deflected. The relative intensii^- 
of terrestrial magnetism is found as follows : — 

The instrument is in the plane of the magnetic meridian ;r 
one of the deflectors is screwed into arms which are onr 
the back of the instrument, and made to coincide with^ 
the direction of the dip, when the needle will be repelled 
from it ; mark the angle to which the needle points ai- 
both ends (after repeated vibrations produced by rubbing, 
a point at the back connected with the jewels on which 
the needle is mounted), then cause the needle to swing 
back to the other side of the dip, and note its place as 
before : half the sum of the angles to which the needle is 
thus deflected (or rather of their sines) will represent the 
relative force of the terrestrial miagnetiffln, at different 
places, on a needle thus circiunstanced. 
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Observations on the intensity and dip may be made 
without the deflectors, by weights only suspended over the 
groved disc fixed on the axis of the needle. This method 
is too obvious to require a minute description ; the weights 
in this case being used to produce deflection from the dip 
at any place instead of the magnetic deflectors, the weights 
required to cause a given amount of deflection being taken 
as the relative measure of the magnetic intensity at the 
place of observation. 

In one case, the magnetic deflectors are made the force 
by which the needle is drawn out of its true position ; in 
the other, weight or gravity produces the same result ; and 
as the intensity varies, it is evident a greater or a lees 
force is required, and the variations of magnetic intensity 
are thus indicated. 

These instruments have been long employed in our sur- 
veying vessels. In the Arctic voyages they have been con- 
stantly used; and in Ross's last South Polar voyage 
magnetic observations at sea were made with very decided 
advantage. 

Ma^c Lanterns — Phanta»magoria. (Exhibitors 161, 270.) 
— ^The magic lantern was invented by Kircher. The light 
of a lamp, reflected from a concave mirror, is concentrated 
by a lens, a short distance in front of which is placed the 
picture painted on glass in transparent colours ; the rays 
thus coloured by passing the different chromatic media, 
permeate a second plano-convex lens in front, and an en- 
larged image is thrown upon a properly-prepared screen. 
The phantasmagoria is nothing more than this ; and the 
arrangements for dissolving views consist either of two 
lanterns so adjusted that one lenticular image can be 
thrown out of focus, while the other is gradually brought 
into focus, or of two tubes in the same lantern, which are 
capable of similar arrangement. The improvement which 
has taken place in the slides for magic lanterns is very 
great. Many of the views exhibited {'270) will be found 
to possess artistic excellencies of no mean order. An in- 
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spection of the geometric forms constituting the c^omo- 
tropea will show the manner in which the involved, and 
often magical, tracery of curves is produced in those ex- 
hibitions of them with which the public are now rendered 
tolerably fftmiliar. 

Trinopfyric Lantern. (263.) — ^This lantern consists essen- 
tially of a square metal box, into three sides of which are 
fixed the tubes containing the lenses, and to the two side 
tubes are affixed mirrors, which are capable of adjustment 
to any angle. It will be easily understood that by these 
means we may have either three distinct pictures on the 
screen at one and the same time, or that they may be 
easily made to blend, or pass one into the other; thus 
affording means by which a series of " dissolving views" 
may be produced without any of the annoyances which 
arise from the use of two or more lanterns. 

The imperfection in the trinoptric lantern as above 
described lay in the use of reflectors, from which there 
was considerable loss of light in the side tubes; and 
although with the oxygen and lime light, invented by 
Mr. Beechy (to be presently described), the pictures were 
clear and good in a twenty-feet disc, yet it was advisable 
to choose the hghtest pictures for the sides, reserving the 
darker ones for the front. The double surface of glass 
mirrors also prevented that sharpness and clearness of 
detail which it is desirable to preserve. The use of prisms 
instead of mirrors was suggested ; but the narrow limits 
under which the reflection from prisms is confined, ren- 
dered it very difficult to get even two perfect discs to be 
coincident with any high power. This will be apparent 
when the conditions of perfect reflection from prisms is 
considered. The reflection obtained at the correct angle 
is the most perfect possible, but it is only when the inci- 
dent ray is less than 41'' 50' that reflection is perfect ; at 
any greater angle the Hght passes through. If, therefore, 
the back of a reflecting prism be inclined at the angle of 
45° or 46°, which was negessary in the old trinoptric, in 



362 TRIKOPTBIC LANTBRK. [CIhs X. 

order to obtain coincidence, it wiQ be evident that part of 
the disc will be imperfect ; and if, in order to remedy this, 
the back of the prism be inclined much fiirther back, the 
disc will never agree with that from the front tube, and 
there is, moreover, the danger of some of the rays of the 
pencil missing the back altogether, and so spoiling the 
other side of the disc. Thus, the hmits within which such 
« prism can be employed are very narrow. The front and 
back of a circular box being firmly fixed to the top and 
"bottom, but having the sides on which the other tubes axe 
fastened moveable by a circular groove and tongue in the 
top and bottom, so that the two side tubes may be inclined 
•to the front tube at any angle from 66° to 100° ; between 
the sides and the front and back there are diaphragms of 
black leather, bent like the bellows of an accordion to 
allow of the angular movement, and yet prevent any light 
from escaping. 

The front slides are put in from above, which is found 
"to be even more convenient than in the former arrange- 
ment. The front lever, which opens and closes the shutters, 
is bent to allow of this, and is moveable about a ring 
round the chimney, whilst a semicircular space in the top 
Above the centre tube allows of the motion of the cranks 
of revolving slides. Now, the lights being placed in the 
centre of such a box, it is clear that it will, at whatever 
angle the tubes are inclined, prove true with respect to the 
light. When the side tubes are placed in such a manner 
that they form with it an angle of 68°, or even less, this 
will allow of the back of the prism being inclined so much 
less that the angle of incidence shall be suficiently small, 
and a perfect disc obtained of 7 feet diameter at 12 feet 
distance, with a plain right-angled prism ; and if a len- 
ticular right-angled prism be employed of about 30 inches 
focal length, the diameter of the disc will be increased to 
9 or 10 feet. This is sufficient for every ordinary purpose, 
giving a 20-feet disc at 24 feet diameter, perfectly bright, 
and only a very slight imperfection at the side furthest 
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from the oentre, owing to the leDtionlftr side sloping a 
little irom the diieot aads of Jight. 

In ckcder, Jioweyer, to remove this last imperfeotion, 
Hr. Beechey has had oonstmoted a prism, which he be- 
lieves wiU'be found of the most perfect form. 

Thus constituted, the prismatic trinoptric lantern ho- 
coanes a very perfect instrument for lectures and exhibi- 
.tions. The pictures produced by the sides are equal to 
<those of the front. Three perfect lanterns are in the hands 
of the operator at once, which can all be made to bear 
;upon one point, producing the most beautiful dioramic 
■effects. A single light, whether the oxygen and Hme lamp 
OT a small camphine or good solar lamp, according as the 
exhibition is large or small, is aU that is required, though 
the oxygen and Hme light is greatly to be preferred, as free 
,firom heat or smell, and so very superior in intensity. 

The trinoptric and dioptric prismatic lanterns, within 
Jess compass than a single lantern of the ordinary con- 
struction, combine all the powers of two or three distinct 
lanterns : with only one small lamp of intense brightness, 
a perfectly-defined disc of 20 feet from each tube may be 
obtained ; the discs, by means of the prisms, may be 
united to produce perfect coincidence, or at various dis- 
tances. The lamp is on the fountain principle, with a 
small circular wick : a small tube passes through centre of 
the wick, for the purpose of supplying oxygen gas, by 
which an intense light is produced, nearly equal, in illumi- 
nating power, to the oxy-hydrogen of Drummond. 

Mechanical Figure, (210.) — ^This curious piece of mecha- 
. nism is intended to illustrate the different proportions of 
the human figure : it admits of being expanded from the 
size of the Apollo Belvedere to that of a colossal size. 

The external part of the figure consists of a series of 
steel and copper plates sliding upon each other, and kept 
in contact by screws, nuts, and spiral springs ; attached 
to these plates, and within the figure, are metal slides, 
having projecting pins at their extremities ; these pins 
are inserted in curved grooves cut in circular steel plates ; 
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the curvature of these grooves being so arranged that 
when the steel plates are put in revolution by a train of 
wheels and screws the sHdes belonging to each particular 
part of the figure are expanded or contracted in correct 
proportion. The elongation of the figure is accomj^hed 
either by sliding metal tubes, provided with racks, and 
acted upon by a combination of wheels, or by screws and 
slides, as found most applicable for each particular part. 
The varieties of figure and size of the human body are so 
numerous that it necessarily requires a great number c^ 
movements to represent them. Some idea may be formed 
of the number of mechanical combinations included in the 
figure, from the following list of the parts of which it is 
constructed, viz. — 876 framing-pieces, 48 grooved steel 
plates, 163 wl^eels, 202 sHdes, 476 metal washers, 482 
spiral springs, 704 sliding plates, 32 sliding tubes, 497 nuts, 
3,500 fixing and adjusting screws, and a considerable num- 
ber of steadying pinions, &c., making the number of pieces, 
of which the figure is composed, upwards of 7,000. It is 
stated that this invention could easily be made applicable 
in the artisVs studio ; but that its more immediate object 
is to facilitate the exact fitting of garments, more especially 
in cases where great numbers are to be provided, for, as 
in the equipment of an army, or providing clothing for a 
distant colony ; that personal attendance is not required, 
since there is adapted to the figure a new system of mea- 
surement which enables any person to take the exact size 
and form of an individual ; and from the measurement so 
taken the figure can be adjusted to represent correctly the 
person to be fitted, so that the clothing may be tried on, 
and, if necessary, altered with as much fecility as if the 
original person, whose measure had been taken, were 
present. 

An establishment provided with three or four of such 
figures, would be sufficient to fit perfectly, and without 
any subsequent alteration, the clothing of an army of 
sevei-al hundred thousand men, at whatever distance they 
might be from the establishment. 
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Class X. — ^Philobophical, Musical, Hobological, and 

SUBGIOAL InSTBUMENTS. DIVISION 2. 

Electric Clocks, (Exhibitors 17, 128, 434.)— A clock may 
be divided into two parts; the pendulum which mea- 
sures the time by its vibrations ; and the hands which 
register the number of such vibrations made. With 
regard to the pendulum, one of two things must be at- 
tained — it must either be isochronous, or the power 
applied to keep it in motion must be equal. The isochro- 
nism of a pendulum depends upon its free motion. 

This rule apphes to all clocks ; and, if itHbe attended to, 
it matters not what motive power is employed. 

In the first electric clocks, the pendulum-rod carried, at 
its lower extremity, a hollow coil of wire, vibrating over 
two bar-magnets. The break was supported on two 
brackets, and was moved backwards and forwards by an 
arm projecting from the pendulum. The pendulum, as it 
vibrated, alternately made and broke the contact, causing 
the coil to attract the bar-magnets over which it vibrated, 
and which, imparted the necessary power to keep it in mo- 
tion. This is the construction of Mr. Bain's clocks (434), 
to whom we are deeply indebted, as first applying the 
power to measure time. 

In all the electro-magnetic clocks made before the 
example in the Transept and 128 in this class, the attrac- 
tive and repulsive forces of magnets have been applied 
directly to the pendulimi, as just explained ; consequently, 
any, Variation in the intensity of the electric current will 
produce a corresponding variation in the motion of the pen- 
dulum, which, as it vibrates, has to move the hands of 
the clock, as well as the sUde break, at the end of its 
vibrations. 

I. S 
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If, instead of applying the magnetic power directly 
to the pendulum, it were employed on the principle of the 
remontoir escapement, to bend a spring to a certain fixed 
extent during each vibration, which spring, in unbending, 
should give the necessary impulse to the pendulum, thei 
pendulum would thus be totally ind^yendent of variations 
in the electro-magnet, that power being simply employed 
to bend the spring. 

In Mr. Shepherd's apphcation of this principle, the pen- 
dulum is suspended from a triangular framii^, and vibrator - 
through a hole in the bed-plate, on the oji^osite end of 
which is fixed a steel spring reaching along the >bed--plate 
to the side of the pendulum. This spring is Hinited in its- 
motion by two screws. On one side of the bed-plate is. 
secured an electro-magnet, its poles approaching very near 
to one another ; on the spring opposite the poks of the 
magnet is fixed a piece of iron, on which the attractive 
force of the magnet is exerted when required to bend the 
spring. The spring, when bent by the magnet, is held by* 
a detent, and cannot return until the detent is hfbed oul? 
of the way. Through the pendulum-rod are passed two 
screws : one with a flat termination, to receive the pres^ 
sure of the impulse-spring ; the other having a conical ter^ 
mination, to act as an inclined plane to lift the detent : 
the former we will call the impulse-pallet, and the latter 
the discharging-pallet. A delicate spring, insulated on 
ivory, is so situated that at each vibration to the right its 
point shall touch the side of the pendulum-rod close up 
to the centre of motion. 

Suppose the pendulum to be in the course of its vibra- 
tion to the left, the discharging-pallet lifting the detent 
releases the impulse spring, which immediately faUs 
against the impulse-paUet. The pendulum having arrived 
at the extent of its motion, returns ; the impulse-spring 
following it, presses it forward by its elasticity imtil 
stopped by the banking-screw. As the pendulum continues 
its motion to the right, it completes the circuit through 
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tte coils of aw deetro.n«,gBet, by oonlact with the insu. 
lated spnng before mwitioned. 

IJe eJe«teo-a«gnet attrocts the piece of iron attached 
to the mtpMiawipruig, whi** ie in ooni«q«ei»ce bent, and 
P-«eB the eod of the detent. The pendulum, comme^S 

tjTT^J^ ^ ^""^ ^^ ^^^ *»»« insula^ 
fpnng the etoctro-magnet no longer attraetin? the piece of 

m>n attached to the imp«hK«pring, the latter w<K^ 
turn If not prewnted by the detent, which holds it until 
rawed by the diaohaiging-paHet ; when the pendulum re- 
ceives another impulse, the spring is again bent, and so on 
tor each vibration of the penduhim. 
JOjis peoduhnn was found to vary in time, on account 
of the residual magnetism holding back the impulse^ 
Spring. ^ 

To overoome this difficalty, a seccmd spring was fixed ta 
the Slime bracket, beneath the impulse-spring and paraUel 
Tu^ i ^l"""^^^^ ^hi<^t the magnet attracted was at- 
tached to this spring instead of to the impulse-spring. In 
the end of the stem of this springabniss pin is fixed, 
nang up by the side <rf the impulscnapring. The electro- 
HMgnet attracts the piece «f iron attached to the lower 
spring ; but, in consequence of the brass pan in its pointy it 
cannot be bent without bending the impulse-spring at the 
same moment. On the cessation of the power of the m^- 
net, the elasticity of the lower spring overcomes the resi- 
dual magnetism, and returns with the iron attached to ite 
ordinal position, living the impulsenspring locked upon 
Its detent, ready to give the impulse, uninfluenced by 
either the power of tiie magnet or its residual magnetism. 

The mam advantage of this method of actuating a pen- 
dulum over all previously proposed is, that an excess of 
power may be employed, which is absolutely necessary 
with dectro-magnetism, while at the same time the pen- 
duhim receives a perfectly regular accession of power each 
vibration. 

•Hie method, which answers best for moving the hands 

s2 
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of small clocks is that of attraction and repulsion. A pair 
of pallets taking into the teeth of the escape-wheel are 
fixed upon an axis, on which are also fixed two bar-mag- 
nets, beneath the poles of which are placed two electro- 
magnets. These are caused alternately to attract and re- 
pel the bar-magnets, thereby imparting an oscillating 
motion to the pallets, which act in the teeth of the escape- 
wheel and drive it forward : the motion thus produced is 
carried through a train of wheels in the ordinary manner. 
In producing the required electric currents, two contact- 
springs and two batteries are employed; the contact- 
springs are mounted on an ivory bracket, one spring on 
each side of the pendulum-rod, with which their p<Hnts 
make contact close up to the centre of motion, at the end 
of the vibrations of the pendulum each way. The bat- 
teries are arranged in connection with these springs, so 
that the circuit of each battery shall be in a c<Hitrary 
direction to the other. Consequently, as the pendulum 
vibrates to the right, it completes the circuit of one bat- 
tery : the electricity passing through the coils of the elec- 
tro-magnets they cause one oscillation of the bar-magnets. 
On the opposite vibration of the pendulum, it makes con- 
tact with the opposite spring, the battery in connection 
with this being arranged in a contrary direction to the 
former; the electricity passes through the coils of the 
electro-magnets in a contrary direction, causing an oppo- 
site oscillation of the bar-magnets, and consequently of the 
pallets, which, operating on the teeth <ff the escape-wheel, 
drive it forward. 

This method of using attraction and repulsion has two 
advantages. It admits of electro-magnets being used of 
such size, that about 2,000 feet of wire may be wound upon 
them, which effects a great saving in the batteries. It also 
insures great certainty in the action with the smallest pos- 
sible power, since the power applied to move the pallets is 
nearly equal throughout the extent of their motion. By 
using two batteries, reversed currents may be produced 
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with only one spring on each side of the pendulum, while 
to rererse the connection of one battery, two springs 
would be required, which would be more disadvantageous 

By inspecting the apparatus after reading the above de- 
scripUon, the striking arrangements will be readily under- 
stood. 

JElectTUi Telegraphs. (Exhibitors 126, 201, 419, 421, 427, 
428, 430, 432, 434, 435, 436.)— If a compass needle is held 
above and in the same line with a wire along which an 
electric current is passing, the needle is deflected to the 
right or ihe left hand according to the direction of the 
electrical disturbance. When the connection with the 
soorce of electricity — ^the voltaic battery — ^is broken, the 
needle returns to its original position. Upon a know- 
ledge of this fact, first observed by (Ersted, depends the 
most important of all scient^c appUcations — ^the electric 
telegraph. 

A galvanometer is an instrument (659) formed by coiling 
up a considerable length of copper-wire, and hanging in 
the middle, or above the bundle, a magnetic needle. The 
current passing through the coif, exerts a greater force 
upon the needle, and thus weaker disturbances are ren- 
dered sensible. Supposing the terminal wires of the 
galvanometer to be many miles in length — ^we will sup- 
pose them to extend from London to Liverpool ; — con- 
nection is made with the voltaic battery in London, the 
galvanometer being at Liverpool, and the needles are 
deflected, N being to the right hand of the observer : if 
the connection is broken, the needle returns to its zero ; 
and if again the wires are connected, but so that the 
current may pass in an opposite direction, the needle will 
again deviate, but N will now be to the observer's left 
hand. Numerous mechanical contrivances have been 
introduced, many of them of the utmost value in practice, 
which it would be out of place to describe in this work. 
In some arrangements the signals are imparted by means 
of an electro-magnet, which attracts and repels an arma- 
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tore, the motion of which is communiicated to a toothed 
whee], moving the index-needle from letter to letter on 
the diaL 

. Travelling by railway, we see a number of wires fixed 
on poles, by being passed through peculiarly shaped stone* 
ware cylinders ; these are for the purpose of insuring the 
perfect insulation of the wires, since, but for this, the 
electricity would pass down a damp pole to the earth, and 
the power of communication be lost. Formerly one wire 
conveyed the current from the battery, on one side, to the 
galvanometer at a distance, through which it passed, and 
then returned by another wire back to the battery. In 
1837, Steinheil showed that the returning half of the wire 
might be dispensed with, and that the earth it$elf would 
perform the function of the wire. All that is necessary 
is, that one short wire from the voltaic battery at one end 
of a line, and from the galvanometer at the other, should 
be sunk into the moist earth, and there connected with a 
mass of conducting metal, from which the electricity 
passes to complete the necessary closed circuit. 

The earth is a reservoir of electricity : it is disturbed 
at Liverpool by the excitement of the voltaic influence, 
and its pulsations are commimicated at once to London. 
The idea of any principle passing along the telegraph wires- 
must be discarded. A current, as something flowing, con- 
veys a false idea ; but we have no other term to express 
electrical progression* Suppose the telegraph wire to be; 
& tube filled with water, and that one drop miore is forced 
into it at Liverpool, one drop will of course fall out in 
London. Something analogous to this occurs with elec* 
tricity. In the experiments of Breguet, on the railway 
between Paris and Bouen, it was determined that the 
resistance in a circuit of forty miles of wire and forty 
miles of earth was one-half through the earth to what it 
T^n*s through the wire. Printing telegraphs are constructed 
upon the principle of causing the electricity to effect che- 
mical decomposition instead of to move a needle. Many 



f. J. 6-^.] £UBCIRIG TSIiBQBAFHS. 391 

c(»npound9 are very readily decomposed by voltaic elec- 
tricity ; therefore, a piece of paper is covered with such a 
composition, and when touched with the wire, the decom- 
position is effected. Paper covered with a mixture oi 
iodide of potassium and starch is sometimes employed ; 
the electricity decomposes the salt, and a purple iodide of 
starch is formed, and the letter or sign is printed in this 
new combination. In other cases paper is saturated with 
the ferro-prussiate of potash, and kept moist ; the ter- 
minal wire being of iron, Prussian blue is formed over 
every point when contact is completed. 

In BakeweU's Copying Machine (433), the message is 
written with a resinous composition upon a slip of tinfoiL 
A point traverses over the cylinder upon which this is 
roUed, being moved by an endless screw ; a corresponding 
point moving at the same rate over a piece of prepared 
paper at the other point of the telegraphic line. The resin 
of the letters cuts off the connection with the battery, so 
that the electro-chemical decomposition is very regularly 
set up and checked, and signs corresponding to those on 
the tinfoil are readily formed at any distance. 

Highton's patent electric telegraphs and apparatus (432), 
and the printing telegraph, adapted to one or two wires ; 
another by which any one of 26 symbolical characters is 
printed by a single touch of a key should be examined. 

Morse's arrangement of telegraph, worked by secondary 
power :~a telegraph for showing the letters of the alphabet 
instantly, by the touch of a single key ; with a revolving 
pointer, and a revolving disc ; also, a series of indicating 
and pointing telegraphs, worked by various descriptions 
of coils, and steel magnets, and by coils actiug on soft 
iron — ^telegraphic alarums, worked by electro magnet- 
ism, excited in the metal nickle, and also by coils and 
magnets, and by coils and soft iron — ^lightning extractors, 
for extracting from the wires of a telegraph charges of 
atmospheric electricity — ^arrangements for telegraph posts, 
by means of which a great saving may be effected in the 
construction of electric telegraphs — specimens of wires for 
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a submarine telegraph, protected by means of a covering 
of wire cable, and other examples, are contributed by the 
Electric Telegraph Company. 

These specimens of wire for a submarine telegraph are 
designed to overcome the action of breakers, which proved 
fatal to the telegraph across the Channel, than whicti 
nothing otherwise could be more successful : if the wires 
can be buried deep enough in the sands to place them 
below the breaker action, there would be no difficulty in 
communicating readily with the Continent. 

Electric telegraphs admit of a great variety of mecha- 
nical arrangements, by which the modes of signalizing are 
modified. In all the electric current does the work ; in 
some by deflecting the magnetic needle directly, and in 
others by inducing magnetism in soft iron, which force 
acts upon some clock-like arrangement, and thus, by a 
mechanical contrivance, gives the required signal. The 
instruments 422 and 429 are of this variety. They are 
described as foUows : — 

The various letters or numerals represented on the dial 
are made by the motions of either or both of the 
indicators; the number of the motions for each letter 
or numeral is defined by the figures on the centre of 
the dial, commencing at all times with the indicator 
on the side next the letter or numeral, and when both 
indicators are used, finishing with the opposite one. 
The helices are double and of a circular form, and the 
magnet is in the form of a ring or horseshoe, suspended in 
the centre of the helices, and is deflected either to the 
right or to the left, according to the direction of the cur- 
rent. The poles of the magnet being equidistant fi'om 
the earth, the magnet is rendered astatic, and not affected 
by the terrestrial magnetism. 

These magnets move parallel with the coils of wire and 
planes of electricity. The indicators not being magnets 
are perfectly free from vibration, and the indication is 
therefore distinct and certain. 

The alarum bell, for calling the attention of the at- 
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ten4ant^ being liberated by a motion similar to that of the 
telegraph, gives three distinct blows ; and should it, by 
any chance, be Uberated by a current of atmospheric 
electricity^ the apparatus would not be deranged. 

The deflector on the left of the instrument enables the 
current to be transferred from the telegraph to the bell, 
and vice versa ; and it can also be used in case of an in- 
strument getting injured, to pass the current along the 
line, without stopping the communications at other 
stations ; with this, one wire only is required to enable 
every station on a line of railway to communicate with 
the whole by means of one instrument only at each 
station. 

By the use of an imderground arrangement of con- 
ductors (as exhibited in combination), the cost in the first 
instance, with wire encased in lead, is very little more 
than posts with wires suspended in the air, and with wire, 
incased in gutta percha only, much less ; while the cost of 
maintenance is reduced to a minimum, and the liability 
of interference from atmospheric influence altogether 
avoided. 

Magnets, (Exhibitors 259, 428, 438, 439.)— In the col- 
lection (428) are exhibited a large permanent horse-shoe 
magnet, weighing 6J cwt., a magneto-electric machine, 
illustrating the application of the electric current derived 
from magnets, to the purposes of electro-chemical decom- 
position, electro-metallurgy, &c. Patent electric telegraphs, 
worked by the magneto-electric current. 

The received theory of magnetism is, that the attract- 
ing power of the bar of steel which we call a magnet, is due 
to the circulation of electric currents around the bar. It 
was discovered by Faraday that when a metallic mass is 
moved in proximity to the poles, a current is induced in 
it : upon this principle magneto-electric machines are con- 
structed. The soft iron armature or keeper of the jwr- 
manent magnet is fixed on an axle, which is made to re- 
volve by some mechanical contrivance, so that a continued 

S2 
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and rapid reversal of its poles takes plaoe. By tliis alone 
a magneto-electric disturbance is effected; but, for the 
purpose of accumulating the force, coils of copper wire b3» 
fixed on the armature, and every time they approach or 
leave the poles of the magnet in the course of rota;fciooi, an 
induced current passes through the wire, and the leveraal 
being extremely rapid, though the current is only instan- 
taneous, the result is what may be regarded as an unin- 
terrupted stream of electricity. 

The magneto-electric madtiine was first employed fb^ 
telegraphic purposes by Professor Wheatstone. The bat- 
tery is, however, ususdly preferred in this country. 

The exhibitors 438 and 439 have magnets of much power 
made of cast iron, which are exceechBgly cheaply made. 
Mr. Herder, of Plymouth, was, we bdieve, the first to ex- 
hibit any magnet of this description. 

Electrotyjpe, — Some specimens of electrotype are in- 
cluded in this class. This application of electricity will^ 
however, be fully dealt with in connection with ^e electro- 
type and electro-plate shown in Class XXUI. 

Electro-Magnetic Engines. (Exhibitors 85, 417, 420 ;. 
Class v., 661.) — The power which may be induced in a 
bar of soft iron l^ passing an electric current around it ist 
enormous. There does not, indeed, appear to be any 
limits, prodded we increase the ^ize of our apparatus, asid 
the chemical intensity of the voltaic battery, to the extent 
to which it may be carried : hence the niunerous attempts 
which have been made &om time to time to a]^ly eledaro- 
magnetism as a moving power. 

The mode of proceeding is, essential^, to roU a large 
quantity of copper wire, clothed with silk or cotton^ 
around a bar of soft iron. When ^e ends of this wire 
are connected with a voltaic battery, the bar becosnes a 
powerful magnet, and continues so as long as the current 
circulates through the wire. The connection with the 
battery being broken, the magnetic power immediately 
ceases. It is easy to remove, at pleasui^s, aJl magnetic 
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its actioa ; since, the moment connection is broken with 
the battery, the current ceases to traverse the wires, and 
aE magnetic attraction terminates. Electro-magnets have 
been constructed capable of sustaining many tons, and, 
from the enormous power thus obtained, it has been 
thought practicable by many to apply it for the purpose 
of moving matiiinery. 

The editor having instituted a very extensive series of 
experiments, with a view of determining the questi(m of 
the apphcabihty of electro-magnetism as a motive power, 
embraces a small portion of space to point out the diffi- 
eidties, if not impossibihties, which appear to prev^it its 
nse within the hmits of a reasonable economy. 

In ihe first place, the rate at which the power diminishes 
throng space prevents our obtaining the full force of the 
magnets. This is shown in the following table : — 

Poands. 

The magnet with the armature in contact supports 220 
„ „ 5^5 of an inch distant 90-6 

j» yy 133 » 50*7 

n w il » 51*1 

"I 40*. *> 

No machine could be constructed in which the moving 
parts can be brought near^ together than the i^ of an 
inch — ^this distance being required to meet the expansion 
of the iron — ^yet the .power lost is enormous. 

The best form of magnetic engine which has yet been 
constructed, is that in which a certain number of electro- 
magnets have been set upon the periphery of a wheel, and 
another similar set upon a frame surrounding the wheel, 
with. an adjustment by which the direction of the current, 
and consequently the poles of the magnets^ can be regU'^ 
larly changed ; for the point at which the current enteops 
becomes a north pole, and the point of its exit a south pole. 
Others have been designed, in which one electro-magnet 
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has been made to work in a cylinder, which was also 
electro-magnetic. This is the character of Mr. Hjorth's 
exhibited in Class Y. Pagers celebrated Americaa machine 
appears to be constructed on the principle of drawing 
a core of iron into a helix of clothed copper-wire. By the 
reciprocating action of these piston-hke temporary mag- 
nets, a considerable extent of motion is obtained. 

The second greatest difficulty to be overcome is, that^ 
notwithstanding the loss of power with distance, a still 
greater loss takes place with motion. The moment any 
magnetic body is moved in front of either a permanent or 
an electro magnet, it loses power, and this loss increasee 
very rapidly with the increase of velocity. This obstada 
stopped the progress of the very extensive researches of 
Jacobi, after he had expended upwards of 30,000Z., granted 
him for his experiments by the hberaUty of the Russian 
government ; and in the report made on Professor Page's 
engine, we find that with increase of speed its horse-power 
is constantly diminishing. By the most careful calcula- 
tions deduced from my experiments, and from the results 
obtained by others, it has been determined that the 
economic difference between a steam and an electro-mag- 
netic engine is as follows : — 

A grain of coals, burnt in the boiler of 

a Cornish engine, lifted . . . 143 lbs. 1 foot high. 
A grain of zinc consumed in a battery 

to move an electro-magnetic engine, 

lifted but. . . . . . 80 lbs. 1 foot high. 

The cost of coals is per cwt. not more 

than ....•• 9d. 

The cost of zinc per cwt. is above . 216c?. 
Therefore, the cost of working an electro-magnetic engine, 
to do an equal amount of duty as a steam-engine, will be 
more than fifty times greater than it^ both being moved 
with the utmost regard to economy. 

TelekoupkoTion, (41 9.)— -This speaking-trumpet is an adap« 
tation of gutta percha tubing to acoustic purposes. It ia 
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found that sonorous vibrations are continued along the 
air, within a gutta percha tube, in a very remarkable man>- 
ner. 'Hiis is due in all probability to the absence of all 
undulation in the material of the tube itself. 

The other articles included under this number show 
how many and important are the uses to which gutta 
percha can be applied. 

Photooraphy. (Exhibitors 220, 250, 291, 292, 294, 295, 
296, 297, 299, 302, 303.)— This constitutes so well-marked 
and so interesting a group that the character of the pro- 
ductions exhibited will be considered in general, with but 
an incidental reference to details. Some specimens are 
also exhibited in the Fine Arts Court (298, 299), and in the 
Main Avenue with Ross's telescope. 

Talbotypes and Daguerreotypes are alike swnrdrawn 
pictures, — ^the former on paper, the latter on plates of 
silvered copper. These are the result of labourjs carried 
on simultaneously, though without previous concert, in 
France by M. Baguerre, and in England by Mr. Fox 
Talbot. The Daguerreotype has hitherto yielded to the 
Talbotype in the number and importance of its appUca- 
Uons, though not in the beauty and dehcacy of its effects. 
In this latter respect both are now on' an equality : recent 
improvements in the materials used have left them foir 
and well-matched competitors. 

These two principal divisions of photography are ce^ 
tainly among the most important appUcations of science 
made in our day, requiring for their development the 
nicest attention to the laws of optics, and a facility of 
. mastering complex chemical manipulations seldom found ; 
but the routine once determined and carefully followed, 
requires less skill and infinitely less labour than the, in 
general, unsatisfactory works of most amateur artists. 

Before we describe the method pursued in obtaining 
photographic pictures, it will be instructive to learn by 
what steps and by whose hands these marvellous produc* 
fions have come to us ; and the more so, since there is a 
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misccmception on these points on the part of some of 
<Mir neighbours, if not among ourselves. 

AxaoDg the six nations that exhibit the 700 photo- 
graphs now in the Exhibition (andy by the way, six of the 
most advanced in civihaition), there is one, ev^r laudably 
at the foremost post, that has, in its desire of extending its 
fiune, forgotten what was commenced before it entered the 
fieid, no less, than what has been done contemporaneously. 
Be it our task courteously to recall the fieu^ts, and, that we 
fiiay not be tedious, briefly to interweave them with the 
.description of the various processes. 

The idea of substituting for the tons of the human eye 
and its sensitive nervous structure, the retina, an eye of 
glass and a chemical sur&ee — an artificial retina of paper 
so sensitive as ultimately to become capable of receiving 
in less than the miUi&nHi part of a second, and retaining 
lor ever, the picture of an illuminated. Ytbject, belongs 
iindoubtedly to Wedgwood and Sir Humphry Davy. They 
obtained (in ldO£) wi'& a lens, pictures on paper and wliite 
leather, gelatine in both instances being the medium in 
the one case, supported and aided by flax or cotton fibre ; 
in the other, held together by the mechanieal structure <^ 
the natural tissue. We have noticed this singular analogy 
§0T the purpose of remarking that it is our belief that the 
chief point at present to be studied is the construction 
firam gelatine of an artificial £a,bric that shall have the 
good properties (without the defects) of the substances 
first employed by our illustrious countrymen. 

The next name deserving our re^>ect is that of Joseph 
Kie^hore Niepce : after a long series of iugenioira ex- 
p^iments, he succeeded in fixing on a metal plate coated 
with resin the images produced by a lens, and in making 
an engraving from it by a chemical process. This was a 
step, though his process was not practically of value, 
the time required to produce an image being several 
hours in good sunlight. 
, . We are inclined to place Niepce at the head of a third 
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hruLch of the art so sooceaBftilly oanied out by M. Fiiseau 
— that of photographio etching. 

The three braaches are perfactly distinct : the seyeral 
products can never be mistaken for each oiftier. Why 
then should there be any cantaKnrenay ? The history is 
clear. The first idea of photography, the art of nsing 
light (pho% ^f), to draw (grsphe yc*f «•)> ^*h an optical in- 
strumenty belongs to Wedgwood. 

The first to fix a resinous image on a metal plate, and 
subsequently to etch that image, was Niepce. 

After his deabh, his fellow>4abourer, Daguerre (who died 
in Paris on the 10th of July, in the 62nd year of his age), 
invented a totally new process, but still on a metal plate, 
more perfect than Niepce's, and obtained more rapidly, 
yet not fit for portraiture : this was in 1839. In 1840 our 
countryman, Mr. Goddard, accelerated the process, giving 
it idle value it now possesses. 

Since the days of Wedgwood, it will be seen, that the 
paper process stood still ; at least we hear of no step, 
imtil Mr. Fox Talbot^ on the announcement of Daguerre's 
invention, at once sent to the Royal Society an account of 
his method of obtaining images in the camera obscura on 
paper and then fixing them ; and this before the publica- 
tion of Daguerre's process. To speak with the accuracy 
that history requires, Mr. Talbot's process was certainly 
known to the public six months before the Daguerreotype 
was' published. 

It is then incontestable that photography (used as a 
generic term) had its origin in England. 

1st. That photography on paper, in all its varieties, was 
not only invented but perfected in England. 

2nd. That photogn^hic etching (a beautiful art) was 
invented in France by Niepce, and perfected in France. 

3rd. The production on a metal plate of a latent positive 
image to be developed by mercurial or other vapour. 

The Daguerreotype is due to France, though its perfec* 
tion was accomplished in England. 
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The production of colours on a chemical tablet was also 
first noticed in England by Sir J. Herschel on a vegetable 
juice, and Mr. Hunt on fluorine. This has been carried 
further in France, but remams imperfect. 

We therefore claim the greatest amount of credit for 
our own nation, whether justly or not our readers must 
determine ; always remembering that published evidence 
can be produced on our side. In the history of inventions, 
friendly narratives and hearsay statements, especially at 
variance with published memoirs, cannot be admitted, 
except under peculiar circumstances excluded by the 
present case. 

Daguerrotypes, — ^These pictures are obtained upon a 
silver surface : copperplated with silver by the Sheffield 
process is usually employed. This plate being well 
polished, is exposed to produce the utmost degree of 
sensibility to the mixed vapours of iodine and bromine 
(substances described in Class 11.). By this exposure, the 
silver becomes coloured, and a very delicate coating of a 
bromo-iodide of silver is obtained. It is now placed in 
the camera-obscura, and this instrument being adjusted, 
the image which falls on the prepared plate effects a che- 
mical change ; which is in the exact proportion to the 
intensity of the radiations from the particular parts of 
the object to be copied. The impressed image is not 
visible : to develop it, the plate is placed over mercury, 
slightly warmed, and the metallic vapour is condensed 
on the surface in very exact relation to the amount of 
chemical change. The picture which exhibits such infi- 
nite delicacy of outhne, and minuteness of detail, results, 
therefore, from the contrast between the pulverulent 
deposit of mercury, and the polished silver plate. These 
photographs are rendered permanent against the further 
action of the sun's rays, by washing with the hyposul- 
phite of soda, and against the operation of time, by the 
following process of M. Fizeau, to whom photography is 
much indebted ;— * 
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** Disisolve eight grains of chloride of gold in sixteen 
ounces of water, and thirty-two grains of hyposulphite of 
soda in four ounces of water ; pour the solution of gold 
into that of the soda, a little by little, agitating between 
each ad<tition. The mixture, at first slightly yellow, b^ 
comes afterwards perfectly limpid. This Uquid now con- 
tains a double hyposulphite of soda and gold. 

" To use this salt of gold, the surface of the plate should 
be perfectly free from any foreign substance, especially 
dust ; consequently it ought to be washed, with some 
precautions which might be neglected if it was to be 
finished by the ordinary mode of washing. 

** The following manner generally succeeds the best : 
the plate being yet iodized, and perfectly free from grease 
on its two surfaces and sides, should have some drops of 
alcohol poured on the iodized surfece ; when the alcohol 
has wetted all the surftkce, plunge the plate into a basin of 
water, and after that into a solution of hyposulphite of 
soda. 

" This solution ought to be changed for each experi- 
ment^ and to consist of about one part of the salt to 
fifteen of the water : the rest of the washing is done in 
the ordinary way, only taking care that the water should 
be as free as possible from dust. 

" The use of the alcohol is simply to make the water 
adhere perfectly all over the surface of the plate, and 
prevent it from quitting the sides at each separate immer- 
sion, which would infallbly produce stains. 

" When a picture has been washed, with these precau- 
tions, the treatment with the salt of gold is very simple. 
It is sufficient to place the plate on a support, and pour 
upon its surface a sufficient quantity of the salt of gold 
that it may be entirely covered, and heat it with a strong 
spirit-lamp ; the picture will be seen to brighten, and 
become, in a minute or two, of great force. When this 
effect is produced, the liquid should be poured off^, and 
the plate washed and dried." 
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Tlie coloured Daguerroiypes exhibited are all the result 
of subsequent paintings by hand. This has been brought 
to a considerable degree of perfection ; but it has nothing 
whatever to do with the process of sunnlrawing. Popular 
taste appears to be in &your of those coloured portraits ; 
but it appears to us, that all the extreme delicacy and 
beauty of Daguerrotype is sacrificed to obtain a very 
questionable advantage. The enamelled Daguerreotypes 
(29S) have no photogn^^c peculiarity — every step of the 
process is of a similar character to that described, and, 
the picture being finished, a resinous preparation is floated 
over it by the agency of heat. By this the picture is pre- 
served against any injiiry from rubbing, or any mechanical 
violence of that kind. Upon the use of varnishes, Da- 
guerre wrote in 1839: — ^^The author made attempts to 
preserve his sketches by means of different varnishes ob- 
tained from suocinum, copal, India-rubber, wax and various 
resins ; but he has observed, that, by the application of 
any varnish whatsoever, the lights were considerably 
weakened, and at the same time the deeper tones were 
hidden. To this disadvantage was added the still greater 
injury from the decomposition of the mercury by the 
varnishes tried.** 

The Talhotype, or as it was called the Caiotypef process 
is on paper. Mr. Talbot's description of his process, the 
patent for which is dated 1842, is as follows : — ^Take a 
sheet of the best writing-paper, having a smooth surface, 
and a close and even texture. The water-mark, if wiy, 
should be cut off, lest it should injure the appearance of 
the picture. Dissolve 100 grains of "crystallized nitrate of 
iftilver iu six ounces of distilled water. Wash the paper with 
this solution with a soft brush on one side, and put a maik 
•on that side, whereby to know it again. Dry the paper 
cautiously at a distance from the lire, or else let it dry 
jspontaneously in a dark room. When dry, or nearly so, 
dip it into a solution of iodide of potassium, containing 
500 grains of that salt dissolved in one pint of water^ and 
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let it stay two or three minutes in the sohttion. Then 
dip the paper into a vessel of water, dry it lightly with 
blotting-paper, and finish drying it at a fire, which will 
not injure it even if held pretty near ; or else it may be 
left to dry spontaneously. All this is best done in the 
evening by candle-light: the paper, so fietr prepared, is 
caUed iodized palter, because it has a uniform pale-yellow 
coating of iodide of silver. It is scarcely sensitive to 
light, but nevertheless it ought to be kept in a portfolio 
or drawer until wanted for use. It may be kept for any 
length of time without spoiling or undergoing any change, 
if protected from sunshine. When the paper is required 
for use, take a sheet of it> and wash it with a liquid pre- 
pared in the following manner : — ^Dissolve 100 grains of 
crystallized nitrate of silver in two ounces of distilled 
water ; add to this solution one-sixth of its volume of 
strong acetic acid. Let this be called mixture A. Make 
a saturated solution of crystallized gaUic acid in cold dis- 
;tiUed water. The quantity dissolved is very small. Call 
this solution £. Mix together the liquids A and B in 
equal volumes, but only a small quantity of them at a 
time, because the mixture does not keep long vrithout 
^poihng. This mixture Mr. Talbot calls the gallo-nitrate 
of silver. This solution must be washed over the iodized 
paper on the side marked, and, being allowed to remain 
»pon it for half a minute, it must be dipped into water 
and then lightly dried with blotting-paper. This opera- 
tion in particular requires the total exclusion of dayhght ; 
and although the paper thus prepared has been found to 
l^eep for two or three months, it is advisable to use it 
within a few hours, as it is often rendered useless by 
spontaneous change in the dark. 

. Paper thus prepared is exquisitely sensitive to light ; 
an exposure of less than a second to diffused daylight 
being quite sufficient to set up the process of change. If 
ft piece of this paper is partly covered, and the other 
exposed to daylight for the briefest possible period of 



404 TALBOTTPE. [QawX. 



time — a very decided change is produced, which is indi- 
cated by the very rapid alteration of colour produced 
upon the appUcation of a second wash of the gallo-nitrate 
of silver. 

The paper being placed in the camera, and the 
image of any external object impressed, nothing more is 
necessary for its full development than to remove it into 
an artificially, and dimly-illuminated room, and wash it 
over with the solution of the gallo-nitrate of silver. When 
the picture has reached the intensity required, the paper 
is first soaked in water, and afterwards with a solution of 
hyposulphite of soda, to remove the sensitive coating, and 
render it permanent. The image thus obtained is a 
negative one, that is, the lights and shadows are the 
reverse of those in nature : to obtain positive or correct 
pictures, a second copy must be taken from the original 
negative. 

Photographs at present require the assistance of art. 
An artist discerns many defects — prominent features are 
often flattened by too much light, distant parts are some- 
times brought too much forward, and harsh lines pro- 
duced from too much vertical light. 

The photographer's glass-house must be brought to 
give effects more in harmony with the artist's studio, the 
light must be more concentrated, and a system of reflected 
lights studied to meet the requirements of the art. These 
points are not sufficiently attended to in this country. 

The defects are the want of half tints often, and aerial 
perspective imperfect ; the shadows too black, and lights 
too strong, or scattered hke snow. This is not always so, and 
the reasoA of its occasional occurrence wants investigation. 
In stiU life very dilute solutions' deserve trying, rather 
than strong ones — at least so our experience inclines us to; 
and the examples (250) show the advantages of employing 
a longer time than ordinary for subjects of still life. 

Small apertures should be used to get definition, and 
longer focus lenses for the large plates. 
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Many photographers sin against both these rules. Some 
profess to hke an indistinct hazy picture as being artistic ; 
we think they are wrong, 

Fowtivesy made on albumined paper, are finer than 
those obtained on ordinary paper, giving more half tint 
and definition in the shadows. 

The colour of positive pictures may be altered by using 
decomposing hyposulphite of soda, either by long use or 
by adding acid to it. 

Mr. Malone, to whom photography is much indebted, 
has shown that caustic potash gives a warm bistre golour, 
and fixes the photograph more securely by removing 
sulphur left in the paper in the fixing process. The 
picture shrinks in the operation, but the negatives so 
treated become finer. 

Did space allow, we should be induced to dwell upon many 
of the phenomena of photographic action ; but we may 
simply state that it is now rendered certain, from the care- 
ful investigations of experimentaUsts, that the luminous 
agency of the sun's rays is not the agent producing those 
pictures, but they are due to the action of a peculiar 
agency to which the name of actinism has been given, 
associated with heat and light in the solar beam. 

Plwtogrcuphs on Glass Flates are obtained as follows : — 
. In the Technologiste for 1848, M. Niepce de Saint Victor 
published his mode of applying albumen to glass plates. 
M. Blanquart Everard followed : and successively albumen, 
gelatine, serum, collodion, and other substafices, have been 
recommended for application on glass ; but few of these 
substances have been found to answer so perfectly as 
albumen applied according to the directions of M. Le Gray. 

He recommends tfeat the whites of fresh eggs, equal to 
about five fluid ounces, be mixed with not more than 100 
grains of iodide of potassium, and about 20 grains of the 
bromide, and half that quantity of common salt. 

He then directs you to beat this mixture in a large dish 
with a wooden fork imtil it is reduced to a thick white 
froth, to let it repose all night, and the next day to decant 
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the yiscouB liquid vliieh has been d^Meited, and use it 
for the preparation of your glasaea. 

For this purpose take thin glass, or, w&at is muefa be^ 
ter, ground glau, on which the adherence is more perfeety cut 
it the size of your camera frame, and grind the edges. 

The success of the proof is, in a great measure, (ine to 
the evenness of the coat of albumen. 

To obtain this, place one of your glasses horizontally, 
the unpoUshed side above (if you use ground glass, which 
is thought pr^erable), and then pour on it an abundant 
quantify of the albumen. Take a rule of glass veiy 
straight^ upon the ends of which have been fastened two 
bands of stout paper steeped in white wax ; hold this 
with the fingers in such a manner that they will overlap 
the sides of the glass plate about one-eighth of an inch. 
You then draw the rule over the glass with one sweep, so 
as to take ofF the excess of albumen. The object of the 
shp of paper is to keep the glass rule from the surface of 
the plate, and insure a thin but even coating of the albu- 
minous mixture. 

The plates being thus prepared and dried, are preserved 
for use. When required, a solution of nitrate of silver is 
appUed, and if sensibiUty is required, some gallic acid is^ 
added, and the picture developed in the ordinary manner. 
The copies in the Fine Arts Department are from iiega- 
tives on glass plates. 

Collodion, which is gun cotton dissolved in ether, is ap- 
pHed in a simil» matter, nuxed with iodide of silver. 
This substance, mixed with iodide of silver, possesses 
very high sensibiUty, portraits being obtained in a few 
seconds. 

By a modification of known processes, and the introduc- 
tion of a new element, Mr. Fox Talbot has produced a sup- 
face so sensitive that an image placed upon a rapidly- 
revolving wheel, illuminated for an instant only by the 
electric spark, was impressed, without any distortion, upon 
his prepared glass plate, the operation being absolutely in- 
stantaneous. 
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Amongst the appEcations of the art^ fro may mentioR 
its vahie to aitists in securing sketches and hints from 
Batore for prodocing copies of their works as souvenirs^ 
and to the draughtsman for copying manufacturers' pat- 
terns and machines, some of which have been used in thQ 
Official Illustrated Catalogue. 

Botanical specimens may be besutifuUy copied ; the 
leaves give every vein most perfectly, and microscopic 
views of sections are exceedingly faithful. 

Specimens exhibited show its value to geology, rocks 
being copied with every joint and cleavage plane distinctly 
mdicated. 

Architecture is most truthfully given, and a mathemar- 
ticai correctness is obtained ; for the size of the image, the 
length of the focus, and the distance from the object^ 
being known, the height is at once obtained by a simple 
rule-of>three sum. 

The French Government Committee of Historical Mo-- 
numents has employed several photographers to take <^d 
cathedrals, &c., in France, thus encouraging the art ; and 
travellers have been furnished with the apparatus neces- 
sary. 

At Lyons a society exists which pays for microscopic 
photographs of silk fibre, some of the plates of which are 
in the Exhibition. 

Observatories have Bonalds and Brooke's apparatus ; and 
the British Museum has sent out a camera to Layard, from 
whom we may expect to receive faithful representations of 
the remains of Nineveh which cannot be removed. Such 
is the importance of an art which may be regarded as even 
now in its infancy. 

I%e Photographic Camera Ohscura. (Exhibitors 220, 250, 
264, 263, 266, 996.)— The camera obscura is the invention 
of Baptista Porta. In its most simple form it consists 
merely of a dark chamber, with a small hole through 
which the Hght is admitted. The luminous rays from the 
images extemafly to this passing through the hole produce 
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an inverted pieture of the objects ; if a tons is pkoed in 
the holey the lentioukr image formed in the focua of the 
lens is exceedingly vivid and beautiful; and if this is 
allowed to fall upon properly prepared Bur&ces, a very 
pleasing picture results. 

In 265 we have a very portable instrument of this kind, 
the novelty consisting in its having a flexible doth body, 
and the whole so constructed as to admit of being packed 
into a very small space. The appendages necessary for 
practising the art are all equally well and conveniently 
adjusted. 

Another portable camera will be found (220), consisting 
of a folding instrument for taking Talbotype, and other 
photographic pictures, on paper, of the size 9 inches by 
8 inches. The body of the camera folds up into a space 
less than 1 inch in thickness. The front of the camera, by 
means of a slide adjustment, allows the compound lens to 
be shifted with relation to the centre of the camera for 
the purpose of altering the relative proportion of fore- 
ground or sky in the required picture. The frame is 
capable of holding two sheets of prepared paper in the 
space usually occupied by one. The frame opens in the 
centre between two plates of glass, which are attached to 
and closely pressed together by the two portions of the 
frame when close, and the prepared sheets of paper are 
placed back to back between the two glasses, and thus 
kept out of contact with the air, and are alternately ex- 
posed in the camera by merely reversing the frame. The 
compound achromatic lens can be separated into two 
portions, so as to form either a long or short focus lens. 
When the two lenses are employed, the frame holding the 
prepared paper is placed in the centre of the camera, the 
top of which is hinged for the purpose ; €uid when the 
single or long focus is used, the frame is placed at the back 
of the camera in its proper groove. 

A New Portable Camera Ohacura, — ^In the optical arrange- 
ment of this instrument) a meniscus lenticular prism is 
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empLoyed, by which a very vivid and flat picture is ob- 
tained ; when closed, the size of the box is 15 inches long, 
9 inches wide, and about 3i inches deep. 

InMtrwmenUfor Determining Variations of Actinic Power, 
(296.) 

The Fhotographometer is a very ingenious instrument for 
detenoiiung the amount of chemical agency in the solar 
rays at any given time, and for ascertaining relatively the 
sensibility of any preparation. The sensitive plate or 
paper is {daced in a dark box, pierced with holes, which is 
fixed in an independent frame. A moveable plate with 
vertical openings is adjusted to pass at any required speed 
over this, so that the plate may be exposed for any known 
time to the solar radiations : thus is ascertained by the 
change induced, either the relative sensitiveness of the 
preparation, or the quantity of chemical power in the 
sun's rays at any given time. 

The Focimeter, by the same exhibitor, is a very simple 
plan for focusing. This is merely segments of a circle^ 
numbered and placed at fixed distances apart, upon a 
moveable axis. This is copied by the camera on a plate 
or paper, and the result seen is different degrees of effect 
produced. 

The Dynactinometer (296) is thus described by the in- 
ventor. — It consists of a thin metaUic disc, perfectly blacky 
having a sHt extending from its centre to the circum- 
ference, fixed on an axis revolving through a fixed metallio 
disc, perfectly white. The white disc has also a slit from 
its centre of the exact length of the radius of the black 
disc ; and by means of these two slits, and of their spiral 
sur&ces, the black disc can intersect the white disc, and, 
by revolving, gradually cover the whole white area. The 
space of the white surface on which the black disc can be 
superposed, forms itself a sort of dial, which is divided 
into any number of equal segments, all numbered I 
have adopted the number of twenty segments for a large 
circle inscribed on the dial, and of eight segments for a 

I. T 
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smaller oirde iDScrihed in the fort. The first twenty seg- 
ments are numbered in 8im|»le arithmetical prograssion, 
and the eight segments in geometrical progression 1, 8, 4, 
^y 16, 32, 64. The object of these two kinds of progression 
will presently be explained, but the second is more appro- 
priate to the object in view. 

The black disc may be made to vsTolve in such a man- 
ner that it shall cover a new segment of ihe laige circle 
during each second, or any other equal fraction of time. 
By that means the last segment will have reoeived twenty 
times m(»>e light than the first, and all the others in arith- 
metioal progression. 

The instrument is made to more by applying the hand 
to a handle fixed on the back at the extremity of the axis 
on which the disc revolves. An operator accustomed to 
«ount seconds by memory, or by following a seconds' 
heater, can perform the experiment with sufficient regu- 
larity ; but in order to render the instrument more exact 
and more complete, it can be made to revc^ve by clock- 
work, which gives it at will either the arithmetical or the 
geometrical progression. This kst movement presented 
some difficulty ; but I have been able to obtain it without 
much complication in the machinery, and the apparatus 
is within the reach of the greater number of operatives 
having establishments on a complete footing. 

For the instrument moving by hand, it is necessaiy that 
a second person should open and shut the object-g^ass at 
a given signal ; but in adapting before the object-glass a 
flap connected with a cord and pulley, the operator, hold- 
ing the cord in the left hand, oen open the flap at the mo- 
ment that, with the right hand, he makes the disc revolve, 
and shut the apparatus when the revolution is complete. 

When the instrument acts by clock-work, the object^ 
glass may be opened and shut by the same means at the 
signal given by a bell which strikes at the commencement 
and at the end of the revolution. 

It will be now understood how this is made available to 
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mmxj impOTtattt pozposes for detennining photographic 
phenomena. In the aame 43oll6ction will be found some 
•very interesting iUustratioais, showing how the luminous 
^.and chemical power (light (md cLctinism) of the sun's rays 
may be separated from each othec 

Photographic Sel/'-acUng and Registering Magnatic and Me- 
teordogical Apparatm, (144.) — The vanaUons of a magnet 
hung £ree to move are of a very remarkable character, anii 
promise to lead to some important knowledge connected 
with the phenomena of terrestrial magnetism. The import- 
ance of making these instruments, which are employed to 
measure magnetic forces, self-registering is exceedingly 
great ; and the ins^rum^it exhibited is to eiOTect this. Es- 
sentially it consists of a mirror placed on ihe end of « 
magnet, which reflects a conoentpated pencil of light upon 
some highly-sensitive photographic paper, placed between 
'two glass cylinders : these move the paper vertioally while 
Tthe magnet moves horizontaUy, therefore every vibration of 
the needle is most distinctly marked^ In the same way a 
piece of photographic paper^ being moved behind the mer- 
cury of a barometer -or thermuometer, is impneesed by the 
solar rays as they pass above the column, and consequently, 
as this alters, the impression varies, imd every movement is 
indicated. The combination of these instruments, and the 
jnode of registration, are deserving of careful attention. 

Gymnastic Pedestal* (670.) — ^This sinipje apparatus eo.us' 
tains, in the smallest compass, viz., 6^ inches square, by 
4 feet high, six different exOTcises, calculated to bring into 
action either the whole muscular system, or, separately, 
Any part of the body which may be deficient in strength. 
Its size, portabihty, and the facility it affords of being 
fixed in any place, however small it may be, will make it a 
most desirable acquisition for every family, as being useful 
not only for children, but also for adults, whose sedentary 
avocations require to have at hand some ready means of 
stimulating the vital functions, and keeping up muscular 
energy, by physical exercises. 

t2 
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Chemical Apparatus, Tests, Spc. (Exhibitors 453, 467.) — ^The 
chemical apparatus exhibited (457), and which, though it 
extends to all the branches of experimental chemistry, and 
to most of its applications in the arts, is confined to one 
small glass case, is characterised by one property — ^that of 
showing the greatest amotmt of chemical power in the 
smallest compass. By the use of apparatus made of the 
best materials, and of the most eflfective forms, chemical 
power is economised. But in {H*oportion to the excellency 
of chemical apparatus, the less is it calculated to strike 
the eye of the general observer. There is, for example, 
among the articles in this glass case, a small box of instru- 
ments, which consists of a lamp furnace and a few glass 
vessels, but the power of which is said to be, to add 
20 per cent, to the productiveness of a sugar estate in 
the West Indies, without any increase of expenditure. 
This is effected by applying chemistry to regulate the 
mixing of lime with cane-juice in one of the early stages 
of the sugar manufacture. 

Apparatus for use in colonial sugar-works, in deter- 
mining the density of cane-juice, and the exact amount of 
lime required for properly clarifying the juice. Invented 
by Dr. Shier, agricultural chemist to the colony of British 
Guiana. 

This application of the art of chemical testing to the 
preparation of sugar is important. The expressed juice of 
the sugar-cane rapidly decomposes. To prevent this,, 
quicklime is added to the juice to clarify it. Generally it 
is added by guess, the planters having no sure guide to 
show how much lime a given quantity of cane-juice re- 
quires. Dr. Shier, by a series of experiments performed 
at Demarara, has solved this difficulty. He tests four 
ounces by measure of any cane-juice with lime-water^ 
applied by a centigrade test tube, and determines thence 
the quantity of lime required for any larger quantity, say 
for 600 gallons. The benefit is enormous : 20 per cent, of 
sugar is saved, which, on the old plan, is destroyed or con- 
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Y^rfced into molasses. As the process is easy as well as 
certain, it is of great importance to all engaged in the manu- 
facture of sugar. So lai^e an increase in product, with- 
out any increase in expenditure, puts in a striking point 
of view the importance of chemical knowledge in the arts. 
Apparatus for Centigrade Testing, or for Chemical Testing, 
in the Arts. — ^The method of chemical analysis by measured 
test liquors has not till recently been in much esteem, 
from the difficulty of obtaining accurately-graduated mea- 
sures, and from want of a general system applicable to 
such a mode of testing, viz., the want of a method of pre- 
paring the test liquors and reducing the results of experi- 
ments on one uniform plan. Mr. Griffin's system of 
equivalent test liquors affords a ready method of preparing 
chemical solutions of well-ascertained degrees of strength, 
by means of which common workmen, engaged in che- 
mical operations, can perform analytical processes with 
perfect accuracy, provided, always, the use of such test 
liquors be accompanied by the use of glass measures gra- 
duated with perfect accuracy. 

There are numerous other examples of chemical appli- 
ances, well deserving the attention of all experimentalists. 
The Chemical Cabinet (453) may be regarded as one of 
the most complete and ingenious ever made, uniting 
within itself aU the conveniences of a weU-furnished labo- 
ratory. In immediate connection with this, and from the 
same exhibitors, will be found several pieces of philo- 
sophical apparatus of a superior description, and also some 
arrangement for aiding photographic manipulation, which 
are of the utmost importance. 

Musical Instruments. 

PosrriON OF Class. — In Central North Gallery ^ from Pillar I. 
18 tol. 22, and on the space connecting the North Galleries, Pillars 
I., 18 and 19. 

Organs, Concertinas, &c, (Exhibitors 526, 528, 529, 544, 
646, 648, 653, 564, 665, 557, 559, 562, 736.)— Musical instru- 
ments of this class are well displayed. The study of them 
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will make the visiter well acquainted with all the varieties. 
559 is the enharmonic organ, presenting the power of ex- 
ecuting with the simple ratios in 20 keys, and having a 
correction for change of temperature, invented by Col. T. 
Perronet Thompson. The object of this instrument is, 
first, to determine the proportions which make music in a 
single key, and then to transfer the same proportions to a 
variety of keys, beginning from some of the previously- 
established sounds as a new key-note. The same process 
was attempted by the ancients, constituting what they 
called the enharmonic scale, but broke down, and was finally 
abandoned, in consequence of making an unfortunate 
division for a single key. The leading principle involved 
in this instrument is, that the dissonances are double, or 
have each two forms, one of which makes harmonious 
combinations with the fifth of the key and the thirds, 
and the other with the fourths and the sixths. In pursu- 
ance of this principle, if the red manual is taken for the 
key-note (that is to say, C on the lowest board, E on the 
middle, and D on the upper), the thirds and fifths of the 
key will be found coloured white, and the fourths and 
sixths black, the acute forms of the dissonances being also 
white, and the grave black ; so that the similarity of 
colours helps to point out the connection of the sounds. 
After this it was an easy observation, that a few more 
manuals in the positions of those resembling the keys of a 
flute, would give the power of executing in the various 
additional keys marked on the oval scutcheons in front of 
the respective finger-boards. The manuals resembling a 
gilt-headed nail present E#; B#, Fx; to provide Gb, or 
C b one of the exchangeable pipes must be inserted in the 
place of F#, or B#, on the lowest board. 

On the whole, the number of keys amounts to 20, ex- 
tending from eight sharps (or, as generally called, six 
sharps and a double sharp) to six flats. In many cases 
there are keys for the two forms of the same note, which' 
may be used according to circumstances. 
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The tuning i» efifected by means of what is called a. 
phonometer, being a monochord with a wire of 4 feet^ 
stretched hy a weight capable of very accurate adjust^ 
ment. The compass is what is called the German scale^ 
or from OC to F in alto. The pipes are of wood, of that 
order called stopped diapason, and each is tuned with a. 
jM^rew ; the whole number being 155, besides those which 
may be denominated exchangeable : the swell is divided 
in two at middle c, and each part has a quick and a slow 
movement. The dimensions of the ixustrumemt are, in ez^ 
treme height, 8 feet 5| inches ; length, 7 feet 5 inches ; 
depth, 3 feet 7 inches ; being less than the dimensions of 
a grand piano, except in height. 

562. is a model of a transposing organ ; the transposing 
power does not move either the keys or pedals, yet acts 
upon them simultaneously. The extent is five semitones^ 
higher or lower, from a given scale. 

A series of barrel organs, built on a peculiar construe- 
tion, and adapted to the service and dimensions of any 
church, are exhibited (735) ; from their simplicity of con- 
struction and arrangement, and the facility with which the 
times can be changed, these instruments are recommended. 

The ' Autophon' is a name given to an instrument said 
to be an improvement on the barrel-organ, the times,, 
which are unlimited, being produced by perforated sheets- 
of millboard, which are placed in an aperture in the froni; 
of the instrument, and upon the performer's turning a» 
handle, are drawn in. The wind passing through the holes 
in the millboard produces the tune, by which means a. 
person unskilled in the art of music is enabled to perform 
the most finished compositions. 

A grand church organ, of the first class (at the east end 
of the United States GaUiory), and a small churdi finger 
organ, (North Transept Gallery, 565,) the stops of which 
are contained in a swell with Bourdon pedal pipes^ inde- 
pendent of the manual ; it plays any number of tunes 
without shifting ihjQ baxrels. 
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The peculiarity of the small choir ofgan (557) is a stop 
called the diaocton, which makes every single stop as 
good as two distinct ones, having, therefore, double the 
power and variety of an ordinary organ. The choir organ, 
properly so called, is that part of a large organ which is 
used for accompanying the choir of singers in a church or 
cathedral, and is softer voiced than the rest of the instru- 
ment. 

A treble concertina (526), with 48 keys, for the perform- 
ance of violin, flute, hautboy, or concertina music, singly 
or in concert) is ingenious ; it displays the whole of its in- 
ternal mechanism. A portable harmonium, for producing 
expression, which can be played alone, or placed in front 
of the key-board of the pianO) and played by the same 
performer. 

528 is a seraphine, with bichromatic or double scale of 
notes, said to produce perfect harmony in every key. 

The percussion oeolophon (529), with two sets of vibra- 
tors, one an octave higher than the other, with appro- 
priate stops, is intended as an economic substitute for an 
oigan. 

The concertinas (544), in ivory, with gold stops, work- 
ing on levers supported by springs, are exceedingly sweet 
instruments. The concertina, however, in its present state, 
can never compete with the violin and similar instruments, 
as it is deficient in forgando effect. 

545 is another concertina, on which may be played any 
description of music within the compass of three octaves 
and a half, in single notes or chords. 

Oigan metal pipes (548), are exhibited in plain and 
spotted metaL The best metal for organ pipes is pure tin, 
by reason of its sonorous character : this metal, however, 
being expensive, is frequently mixed largely with pewter. 

Pianos, (Exhibitors 168, 464a, 467, 468, 469, 470, 471, 
472, 474, 475,^ 476, 477, 477a, 479, 480, 481, 482, 484, 486, 
487, 488, 489^ 490, 491, 492, 493a, 494, 496, 496, 498, 499, 
500, 516, 618, 660, 683.)— The origin of the pianoforte may 
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be traced back io the beginning of the last centtuyy 
although there have ezisted for the last three or four 
hundred years, stringed instruments which, under the 
names of clarichord or manichord, virginal, spinet, and 
harpsiohord, may be said to have originated the piano- 
forte. 

The name of the actual originator of the instrument is, 
however, lost amidst a crowd of claimants. Some attri- 
bute its origin to a Florentine, named Domenico Oristo- 
faii, in 1711 ; others accord the merit to a Bohemian, 
named Schroeter, in 1717 ; while others again ascribe it 
to an English monk, resident at Bome, named Padre 
Wood, who is reported to have made the first pianoforte 
ever seen in England, for his friend Mr. Chrisp, who sub- 
sequently sold it to Mr. Fulke Greville, for one hundred 
guineas. Another authority awards the merit to Mason, 
the poet, author of " Caractecus." Father Wood's piano- 
forte was reported to be of a superior tone to that pro- 
duced by quills, with the additional power of producing 
aU the shades of piano and forte (whence the name of the 
instrument) ; that though the touch and mechanism were 
imperfect, yet solemn and pathetic strains, executed upon 
it with taste and feeling by a master Httle accustomed to 
the touch, excited equal wonder and delight. Schroeter's 
instrument, had hammers covered with leather, which 
recoiled after having struck the strings. In 1766, Buckers 
and ZUmpe, who were contemporary, first established 
themselves in this country as manufacturers. The first 
patent granted for pianos bears date 1777 ; it is, there- 
fore, not more than three quarters of a century since the 
manufacture of that instrument began to attain a degree 
of extension sufficiently considerable to warrant the ex- 
pense of patents. 

This patent was " for a piano with an octave swell" 
The specification gave the mechanical means of uniting 
the octave stop of the harpsichord with the grand piano. 
The action of that sort of pianoforte called the grand ac- 

t3 
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fion is diswn complete in the mpmoAcMan, wIttuMit a 
claim being made to it aa part of the imrentioD. It may, 
therefore, he inferred that as eady as 1777 the gxand ao- 
tion, or the oofomon aotion for grand -pmumdorto^ was in 
general use. Nothing wtm done tovards improvements 
in that action nntil Erard^s repetition action was patented 
ml821. 

' At the end of the Uyit oentuiy, the attention of mnaioal 
instroment makers was almost exclusively directed to the 
problem of eombining on one set of kejjfs several sorts of 
instruments, in order to prodnoe new musical effects^ In 
1790 a new instrument was specified, which united with 
fke pianoforte a set of pipes to imitate the Qecman flute, 
and another oontrivanoe to imitate the harp. These 
lihree sorts of tones were played, either together or.sepa- 
ivtely, by means of pedals. 

- The grand piano at the outset differed veiy iittie in its 
construction from the harpsichord. The mechanism of 
Ihe harpfliohord consisted. simply of a fingei^key, :upon 
which i^tood an upright piece of wood, technica% called a 
jack, with a piece of quiD fixed into it for the purpose of 
putting the strii^ in vibration. The jack was also pro- 
vided with a piece of cloth, placed above the quill, in- 
tended to act as a damper on the string; and stop the 
vibration as soon as the finger was raised from it. In the 
pianoforte, instead of the jack, a similar contrivance, tech- 
nically called ^ the old man's head," is raised by the mo- 
tion of the fingM^key, a hammer moving on a oentre 
towards the string. This new mechanism enabled the 
player to strike the wires either forte or piano, whilst in 
the harpsichord the unvaried mode of putting the string 
in vibration could never produce anything but the same 
monotonous intensity of tone. 

464a is a pianoforte with peculiar action, accompanied 
by a model of the same, showing that the improvement 
consists in the reduction of the number of the parts into 
which the lever attached to the hammer is divided. This 
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wifl be appreciated when compared with a model of the 
eommon method which is pkced ak>ngaide of it. 

There is eoMdwable ingenuity in an cxpaadiBg and 
eoDapemg pianoforte (484)) for gentlemen's }wsht% ladies' 
eabina, saLoons of steam-veeselB, &o., which measures «df 
ISi inohea Armr frooi to back when oolkpsed. 

The hamiooinm (477) is an instrument played like tiie 
pianoforte^ eombining the variety of inatmmenits, with 
great power of tone,, and duzabiiky in all ehmates. The 
peealiar iaae of the hamionium olass of iBBtrumentB 
is produced, by metal springs set in motion, by a stream 
of air. 

Propeller action piano (4d5). This action .being chie&y 
mefa i Hir, is reduced to about on»-ifteenth tbe amom^ of 
material in bulk usualfy ui^loyed^ thus remoTiDg a maas. 
of stirfT before the stringsy which otherwiaftpreventB tbe 
flow eC tone ; it also rodaees tise amount of atmospheric 
inflneBce and friction by the extreine simpheity of its me- 
oharnsm. it is warranted by the exhibitor to rcmaiai a 
longer time in order than those in general use. 

The grand piano (168),. in British mottled oak, with gold 
deoorations in the style of Louis Quinaa (Main ATenuie 
West), will be athnired by many. 

The bidmrd pano, grand cabhsiet piano, all with tiie 
patent cheek and repeater action, and tiie pianoforfce for 
the pefl^le, are peculiar, hi reference to these insto»- 
mentff wa quote the following valuable remarks : — 

The pcogresa of popular taste,, in aH matters of intel- 
kctual refinsaftent, demands fostering eneouragement 
wherever it is met with ; and it is a subject for congratu^ 
hyiaon to find the people appreciating good Art,, or pure 
mental enjoyments, when oi^Bired to them at a reasonabie 
rate. To no branch of the Fine Arts can impvoTements 
-be limited, and the spread of taste among the humbler 
classes must ever be regarded as the most huananinng of 
aQ good gifts. With a keen relish for music amongst them, 
which is wyvriarely realised but by listening to the aboiv 
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tive attempts of an itinerant fiddle or organ-player, how 
much more might this taste be indulged could it be grati- 
fied in a higher manner ; and what good might result from 
the superior feeling which the love for such study would, of 
necessity, foster and increase I In November, last year, a 
writer in that widely-spread and justly-esteemed periodi- 
cal. Chambers^ Edinhwrgh JowmaL, enforced these opinions 
strongly, saying :*— " It is in this point of view that music 
should be regarded by philanthropists : the science should 
be given to the masses of the people as a bond of sym- 
pathy between them and the upper stratum of society. 
But while many efforts are making in this direction, there 
is stiU great sluggishness in one important branch of the 
business: the lower classes have no good instruments, 
and have no great artists. The comparatively poor and 
the reaily economical do not buy pianos, simply because 
they are far beyond their means: and in England the 
cause of musical science and kindly feeling is deprived of 
the aid of a family instrument, which in Germany is found 
even in the parlour of the village public-houses." 

It has remained for the Exhibitors to remove this ob- 
jection, by the manufacture of instruments, which are in 
no degree inferior to the best in tone and touch, but 
greatly so in price. This economy has been effected by 
bestowing as much thought and labour on the interior 
construction of the instrument as usual, but adopting a 
plainer kind of case, constructed of cheaper wood, that of 
the Norwegian pine, and which, we believe, has never be- 
fore been used for such a purpose. It is remarkably white, 
and when French polished, rivals the more expensive satin- 
wood, in the purity and delicacy of its effect. The same 
amount of simplicity is visible throughout the piano. It 
has the full compass of six and three-quarter octaves, the 
improved single action, and all the advantages of construc- 
tion usually adopted. 

Connected with the 7-octave, full grand pianoforij^ with 
repetition action in rosewood case — ^the fonda semi-grand 
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pianoforte in walnut case— oblique piccolo pianoforte — ia 
the miniature model of a grand pianoforte, Gf-octaves 
with metal braces and drilled bridges. This little instru- 
ment^ designed to illustrate the effect of the modem im- 
provements in pianofortes, is the smallest, to be played 
upon, ever made. It has the fuU compass of 6i-octaves 
from C to G, and is on the upbearing principle through- 
out. It appears to possess all the modem improvements, 
and to be complete in every department ; fulness and 
clearness of tone, power and promptness of the mechanism, 
elasticity of touch, and close damping with the movement 
of the pedals, the manufacturers are not without hope 
that it may be the means of suggesting improvements to 
render the grand piano a still more perfect instrument, by 
showing that the size may be lessened without a corre- 
sponding reduction in the amount of tone, and that were 
the present key-board contracted a little, what fine effects 
and extended harmonies would be placed within the reach 
of the pianist ! 

A few years back it would have been deemed totally im- 
possible to make so small an instrument with the full com- 
pass of keys, to produce any effect ; but the modem addi- 
tions of metal string-plate and bracings, drilled metal 
bridges, and the generally improved method of construc- 
tion, &c., &C., has enabled it to be done ; while the large 
amount of tone, considering the string is only twenty-four 
inches long, procured in the lower notes, is produced by a 
treble-spun string, composed of steel, soft iron, and copper 
wire, which is made by the aid of a machine recently in- 
vented. 

683 is a cottage pianoforte, with repeating check action, 
new tubular supporters, ivory and tortoiseshell keys ; and 
468, a semi-grand pianoforte, constructed on the principle 
of the speaking trumpet, with imison tuning screws, and 
repeating tongue check-action — ^ivory is replaced by a 
newly-invented material for the keys. 

In 471, we have a grand pianoforte in rosewood, on the 
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exhibiibn' new patent suspension principle. The sound- 
ing-board instead of being ghied, or permanently attached 
to the wooden framing, is suspended from it by metallic 
attachments, which being adjustable, admit of its being^ 
tightly strained tojncrease the tone : an upiight cottage 
pianoforte, showing the appHcatioa* of the same prine^le 
-to the cheaper kind of pianos. 472 is a patent self-per- 
forming pianoforte, combimng many of the admntages of 
an instrument of the usual construction, and many facUi' 
ties to those unacquainted with muaie. The notes beiag^ 
adjusted on boards, are moved over the instrument^ and 
by a peculiar arrangement the tones areregolarly and cop- 
reetly struck. 

The long brass joint, generally seen VEpon the fidl of 
pianos, is obviated in 474 by a simple contrivance. 

In the registered tavola pianoforte, 477a, a dinizig or 
drawing room table stands upon a centre block orpedeste^ 
and contains the instrument, which opens with e^rin^ 
bolts, on the grand principle ; with a closet eontamia^ 
music. This pianoforte has the ordinary power of t<Hie^ 
altiiough occupying half the usual space, and caa be made 
the piccolo or grand size. The combinaticm of the ta»bl& 
and piano has been effected before ; — ^twenty years ago^ 
Mr. Ray, of Edinburgh, made instruments that presented 
thiB novel construction. 

In 460 — ^walnut wood registered cottage pianoforte — ^the 
kejrs of the finger-board are alternated in colour to show 
all the scales,, major and minor, according to a sin^e rule 
for each mood, founded on the plan of the semitone inter- 
val, which renders the seven notes to be touched- for an 
octave of each of the other eleven scales. Three keys of 
one colour taken consecutively, and four of the other, form 
any scale in the major mood ; and two keys of one colour, 
and five of the other, taken consecutively, form any scale 
in the minor mood. This piano is entirriy for the purpose 
of tuition. 

481 is a double, or twin- semi-cottage piancrfbrte, having 
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i«ro fromto or aeto of keyBy one on either aide auitftble for 
HBj number of petrformerB, from one to six. 

And 486, the lyre, a cottage pianoforte, in tibe foixa of 
a lyre, with long scala, and a pecuMarly-oonstructed plat^ 
form, whereby the performs or vocalist ia enabled to face 
the audience. 

A Tranapomng Pianqfortt. (487.) — ^This piano ia aoid to 
transpose mnsic fiye aemitonea higher or lower than the 
smtten key if neoeaaary. Ita novelty oonsisita in the k«y- 
|M>aFd, hammeca, and strings being immoveable : the in- 
tomal aeiion cannot be ahifted or deranged* 

The regisbered compensation pianoforte (469), seven 
octaves, has some peculiar mechanism, which by ita light- 
neaa, &c^ is aaid to produce an agreeable touch ; and in 
490 we have a pianoforte with new improvement. It has 
a bevel action for the dampers (applicable to all kinds), inr 
jt^ided to give precision of touch by the certain rising of 
the key ; it preserves also the dampers by gentle instead 
of jerldng movement, and an octave actiooi to use at plea- 
sure the octave of the key struck. 

491 ia a seven-octave cottage pianoforte, with grand 
action and repeat, having a sounding-board and back on 
the principle of a violincello, &c., obtained by the applica- 
tion of an iron frame well secured between the sounding- 
board and the strings, which causes the sounding-board 
to tight^i in a different manner from other pianofortes. 
The first transposing piano was invented by a German 
named BoHa. The keys in this instrument were shifted ; 
the modem system is said to be vesry much superior. Of 
this 493a is an example. This is a pianoforte with -brans- 
posing mechanism, metalKc equihbrium string frame, ad- 
justing tension rods, and improved soimd-board, fitted in a 
hewly-designed case with sliding front. 

Pianofortes with metal frames are exhibited (496, 498). 
These are intended to carry the principal part of the 
weight or pull of the wires, independent of the wood 
frame, with a new screw apparatus for tuning attached to 
the same ; particularly adaptod to extreme climates. 
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499 is a aemi-bichord grand pianoforte, upon the patent 
overstruck principle. In the ordinary pianoforte action the 
springs are struck from b^ow; in this instrument the 
hammers strike down, hence the terra overstruck. 

The horizontal grand pianoforte (600) has a peculiar 
action, on an entirely new principle, giving increased 
power and certainty to the touch, and adding iJie tremolo^ 
similar in effect to that produced by the voice. 

550 is a model exhibiting the string-frame of an upright 
pianoforte, with lever tuning apparatus, the object being 
to sustain the pressure of the strings, and prevent the 
instrument getting out of tune. ' An upright piano, in 
which an apparatus is introduced to keep the instrument 
in a perfectly upright position ; it is simple in action, and 
contains an apparatus whereby various degrees in quality 
of tone may be produced. 

Harps and Stringed Imtruments, (Exhibitors 496, 631, 
633.) — Double-actioned harp (531), with additional notes. 
The double-actioned harp possesses greater powers of mo- 
dulation than the single-action, and can also produce enhar- 
monic passages ; in Vhich respect it is said to be a perfectly 
unique instrument, excepting those of the violin class. 
Every major and almost every minor key can be distinctly 
produced on it. 

The triple-strung Welsh harp was an ingenious but 
laborious contrivance to enable the performer to take 
semitones, and to modulate into different keys. It is now 
superseded by the pedal harp, particularly that with the 
double action invented by Erard. The two outer rows of 
strings are diatonic and imisonic ; the centre row com- 
prises all those sounds necessary to complete the thirteen 
semitones belonging to each octave. This instrument is 
described by Mersennas in his * Harmonic Universelle,* 
published in 1636. Of this kind is the grand triple-strung 
Welsh harp (533), worked in Welsh plane-wood. 

Violins, (Exhibitors 609, 610, 619, 637, 541, 605.)— The 
following are the instruments of this class exhibited :— 

A violin, viola, and violincello, made according to modem 
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improved gauges, after the models of the exhibitor's grand- 
father, popularly known as * Old Forster.' 

A yiolincello constructed upon principles said to pro- 
duce increased vibration and superior quality and quantity 
of tone. 

Violins, violincellos, and double bass, to exhibit oil 
varnish, said to be equal to that used on the Cremona 
instruments, the art of making which is supposed to have 
been lost. 

Violin and violincello, and self-acting pegs for the tunin<F 
-of violins, &c. 

Violin and harp strings, said to possess all the qua- 
lities for which the Italian strings have been so justly 
celebrated. 

There is one exhibitor (514) of an improved guitar. By 
means of two bars introduced within the instrument, and 
fixed in the blocks, greater strength is said to be secured. 

Wind Instruments, (Exhibitors 504, 507, 512, 517, 520 
523, 535, 536, 538, 540, 546, 547.)— The first on this Hst 
exhibits a complete set of brass horns, with valves from 
soprano to contra bass, trombones with slides, clarionets 
comets-k-piston, and flutes on a new system. 

Tromba comuta, or drawing-room cornopean, long-valve 
trumpet) and double sax-horn, in A flat alto, and E flat 
tenor, are included in 507 ; the performer, while playing 
on the last-named instrument can, by using the extra valve 
with the left hand, without taking the instrument from 
his lips, gHde from the alto to the tenor clef, and vice 
versa, with facihty. 

Cambridge cavahy field-trumpet-bugle (512), is for 
executing trumpet and bugle field-calls, without having 
recourse to a second instrument. In the hulb cornopean, 
bulbs are substituted for angles, and curved passages are 
thus obtained for the wind, without enlarging the valves 
or increasing the friction, which is said to give improved 
quahty of tone, and to facihtate the execution. 

The modem brazen trumpet was invented at Nurem- 
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berg ; but a similar instrament has been known from*tinie 
immemorial. 

The cornopeans, trumpets, and valve^homs exhibited 
(517)r lay claim to an improvement which consiBts in the 
small diameter of the valves, the removal of angular turn- 
ings, and the quatity of the metal employed. 

Diatonie flutes, retaining the old system of fingering, 
while affording numerous additional fingerings, on a system 
said to be strictly based upon acoustic principles, may be 
seen (538). Their tone is said to be powerful and bril- 
liant ; they profess to be easier of execution, and there^ 
fore require less exertion to play than the ordinary flute. 
We have alao— 

(536.) Patent flutes, with new and old fingerings, pos- 
sessing all the latest improvements arising from equidistant 
and equal-sized holes, and open keys ; and an improved 
ordinary flute : its merits are said to consist in the novel 
proportions of its conical bore. Metal flutes have been 
sometimes recommended. Of these there are examples. 
in 546, a silver flute, with rods, rings, and levers, equal 
to 12 keys, and a Stirling's British gold flute. 

(547.) Newly-invented French horn, the novel feature 
being its portability, the loose crooks commonly UBed 
being dispensed with: to change the key, a continuoua 
tube is graduated into 13 parts, each part being a semi*> 
tone, at each of which an opening is made, into which ia 
inserted a short tube, leading from the belt of the horn to 
the centre of the hoop, and then turning in any direction^ 
which, receiving the wind as it passes through the horn, 
bears it away to the belt. A comet-k^piston on the same 
principle. 

Drams and Miscellaneous Invention$,'^^thihitOfr» 503, 
504, 506, 508, 511, 616, 522, 527, 530, 531, 532, 548a.) 

Amongst the drums will be seen a kettlenlrum (527), 
which can be adjusted to any required note within the 
range of one octave, with rapidity and accuracy, and which 
also may be set to any note without sounding it : and a 
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bass-dnim, both the heads of which can be tuned at once 
by one operation. Another, wherein the tension of the 
heads is quickly adjusted by means of iron rods, whereby 
permanent order is obtained ; this drum contains cymbals^ 
and both drum and cymbals can be used at pleasure, 
together or separately. Side, or signal-drum, with iron 
bracings, and two sets of snares, adjustable at once. 

(503.) -(Eolian pitch-pipes — German silver, electro- 
plated, in sets ; ^olian viohn mute : the mute is a small 
instrument which is fixed on the strings of a vioHn, over 
the bridge, to soften and thin the tone. The uncertainty 
which at present eiists with regard to the pitch is a source 
of great annoyance. The modem pitch varies from a half 
to a whole tone sharper than that used in the time of 
Handel. 

The flcetina (508) is a newly-invented musical instru- 
ment, professedly adapted for concerts, and as an accom- 
paniment to other instruments. 

Centripetal regulating pegs and pins, which cannot draw 
back or give way, by Which instruments can be tuned 
and regulated gradually in all their divisions in less than 
half the time formerly required, are exhibited (511). Also 
a spring " capo-ta»to," for attaching to the handle of the 
guitar, changing at once the diapason of the strings, so as 
to play in all keys, without altering the printed notes, or 
the position of the hand and fingers. 

Giooo di Eut6rpe is a new musical game, intended to 
assist beginners in the knowledge of the relative value of 
musical characters, and to render them good timists. 
This will be found in 522. 

(560.) A new and improved board for the viohnceDo,, 
and all other bowed instntments. The peculiarities con- 
sist of — 1st. A groove running the whole length of the 
finger-board, which keeps the strings steady in one straight 
Kne, whenever a note is stopped on it : this is said to 
produce a good and clear tone, by rendering it more easy 
to stop each note firmly and well. Facility will be found 
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in changing the fingers from string to string in arpeggio 
passages, in stopping double notes, and in playing singing 
passages on one string only. The difficulty produced in 
all these cases by the strings slipping transversely under 
the pressure of the fingers, is weU known to most players : 
the grooves are made with great care and accuracy as to 
size, shape, and position, imder the string. 2ndly. In the 
adoption of a different form of cross section from that 
commonly used in finger-boards, giving it more arch ; the 
degree of which, however, must bear a certain relation to 
the arch of the strings at the bridge : this alteration in 
form is said to produce a better tone on the first and 
fourth strings, and considerable facility in playing on the 
instrument in general 3rdly. In the use of a long bracket, 
abutting against the lower end of the neck, and on the 
belly of the instrument, over the block, but no further, 
and extending imder the whole of that part of the finger- 
board which lies over the beDy of the instrument : the 
use of this bracket is to prevent the finger-board bending 
in playing passages which lie above the neck ; it also pre- 
vents the neck from yielding imder the tension of the 
strings. 

Many ingenious inventions for assisting performers are 
exhibited, as-— 

(514.) Wrist-supporter, for securing a good position in 
playing the pianoforte : it is said to be of great utility to 
all young performers, the action of the machine not im> 
peding in the least the movement of the fingers or the 
hands. 

(541.) Self-acting pegs, whereby turning, instead of forc- 
ing, is sufficient to raise or lower the pitch of the strings ; 
consequently that unpleasant revolving back of the peg 
is said to be completely removed: the construction is 
simple but effective. 

And (532) the Norma Virium, or musical aocentuator, 
is intended to supersede the metronome. It marks the 
first note in every bar, loud and distinct, in all measures 
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of time, and gives in weaker beats the sectional divi- 
sions. 

Metronomes. (Exhibitors 148, 603, 632.) — ^These are pen- 
dulums for denoting time in music. 148 consists of a 
brass plummet attached to a tape 46 inches long, marked 
with metronomic distances from 360 to 66, By lergthen- 
ing or shortening the tape, the vibrations are, of course, 
varied. Thus, by holding the tape with the finger and 
thumb at any number given upon it, allowing the plum- 
met to swing, the vibrations will denote the time in- 
tended. 

Surgical Instrumesnts, &o. 

In reviewing this portion of the Class, little more can 
be done than give a list of the articles exhibited. 

The exhibitor of artificial human eyes (565), states 
they are made to fit in a few hours, without pain in the 
operation, in every case where the sight has been lost ; 
the colour of the iris is well matched, and the resemblance 
to the natural eye good. The same exhibitor has artificial 
legs, much lighter, less expensive, and more durable than 
the common cork leg, enabling the wearer to walk, sit or 
ride with comfort ; and we find similar claims for the ar- 
tificial legs, crutches, hands, and various descriptions of 
surgical and anatomical instruments (676). 

There is a considerable variety of supports in the form 
of (570a) corsets to be used in case of muscular weakness 
or slight distortion of the spine. Self-adjusting corpori- 
form corsets, yielding with the body in its various posi- 
tions, and resinning by itself its former shape and position, 
and contracting belts (570). 

A new medical instrument is exhibited (649), for the 
purpose of rendering more efficient and certain the act of 
percussion in disease : by using the instrument with one 
hand, transmitted sounds can be employed in the dia- 
gnosis of diseases. 

A clever imiversal drill, designed and made for the pur- 
pose of removing decay from teeth, to prepare them for 
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fltopping, is exhiUted {60S,) : it can be ueedl at all aag^ of 
the mouth without inconvenience. 

Artificial teath are exhibited bj seyeral : those at 720 
are made of gutta percha» stated to be more durable than 
ivozy, and from its softness fax more comfortable ; while 
582 are artificial teeth, with gold masticators on suction 
principles ; elastic gold lever, used for turning irregular 
teeth in the upper jaw ; spiral spring, for correcting de- 
formities in teeth. 

Notice is called to the compound compensating swivel 
in No. 1 set of teeth, by which means the spiral spring is 
lengthened by yawning to accommodate that action ; 
which is exerted when required by the operation of 
the muscles. By the ordinary swivel, no person can 
yawn without displacing both upper and under plates. 
Also, to the gold socket in No. 2, being a means of making 
the teeth wear three times the ordinary period of servi- 
tude. 

The Mechanical Leech (646) is an ingenious instrument, 
said to be weU qualified to supply the place of the ordinary 
leech, when the practitioner does not require to take a 
large quantity of blood, or where it is desired to draw 
blood from a difficult situation. 

It is always available : the mode of using it is very sim- 
ple ; and any quantity of blood may be drawn in much less 
time than by the natural leech, with diminished risk of 
erysipelas. It is also important for use on ship-board, and 
in cases where the natural leech cannot be procured. 

718 are a series of anatomical • drawings. 591 is a 
spinal machine, with elastic spring crutches, for weakness 
of the spine. Extending knee instrument^ for contracted 
knees. Elastic spiral silk stockings ; ankle-socks and knee- 
caps, for relief and cure of varicose veins. Young ladies' 
boot, with steel plates, for supporting the arch of the foot. 
Moulded leather knee and hip splints, for confining the 
motion of the joints. 

Mr. Simpson's large anatomical figures, in papier machd, 
showing the venous-nervous, muscular, and abdominal: 
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fignx«8 are exieaamekj used to ipfltruist tba aaiiTe sur- 
geons in India in anatomy, wanj reasons preranting the 
study from the dead body in thai; country. 

There is also a s^es (625) of anatomical mod^, show- 
ing several pacts of the human body disaected'<-«ku]ls, 
and eggs in rarinus sieges of ineubation. 

631a is a compksiui eabiaet of surgical instaruments, 
containtng those necessary for every operation in suigery ; 
so is also 631 — ^including Dr. Wagstaff 's tongue-depressor, 
and probangs for the application of lotio argenti nitratis to 
the air-passages, and apparatus used in orthopedic sur- 
gery, showing the latest improvements for the treatment 
of contraction of the neck, hip, knee, foot, arm, and hand, 
including apparatus for lateral and posterior spinal cur- 
vatures. 

The stethometer (682), an instrument for assisting in 
the diagnosis of diseases of the lungs, by measuring the 
comparative mobility of opposite sides of the chest ; and 
cautious surgery has provided (628) railway tourniquets, 
for the appHcation of pressiure in cases of accidents. 
Here is, also, the aneurismal compressor, for the cure 
of aneurism by compression. The ease with which the 
instrument can be used, and the pressure regulated at 
pleasure, is its chief recommendation. Dilators for 
stricture, oyster-opener, &c. 

Beyond these we have the bedstead, which, by the hand 
of a watch, is adjusted to turn a person out of bed at any 
hour, and can be applied to a common bedstead at a 
moderate cost ; and, in 614, the Devonia bedstead, for 
invalids. It lifts the body, so that the bed may be 
made up under the patient, and it rises at the head and 
back, so that the patient can recline in any position 
most easy to himself These changes can be effected by 
the assistance of one person. 

The patent fulcrum-chair, to render less painful, and 
faciUtate the extraction of teeth, is cleverly devised, and 
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(610) is an appuatus for •regolatiiig the temperature of 
morbid parts, and causing equal pressure: this instru- 
ment is used in the application of a benumbing tempera- 
ture, in the treatment of cancer, &c^ it being found that 
the regulated appUcation of a temperature below ssero, of 
Fahrenheit*s thermometer, is a certain, safe, and prompt 
remedy for inflammation and pain, and it has been em- 
ployed in many cases most satisfactorily, and is stated to 
be a substitute for chloroform in surgical operations. 
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S i«!I^Il!ll! "1 1 S '^♦^fo q/" *A« Jfom Avmue, h^twmn JPUlars i, 
-^ I Paper. '^ | '^ and J,, 24 anc? 28, nmnang back beboeen 27 
' iT' k"'!! '"v ' and 28 to G. 
SOUTH. 

FABsajSQ the envelope-foldiiig machmey which is to ba 
«eeii at work in the Nave (to which we shall refer pre* 
.3eQtly), we will invite the visiter to enter with us while 
we point out the difiEerent objects in as near as we can 
the order in which the said aiateaials -of paper, ^yp^ ^^^ 
ink are used, in ihe production of the printed books 
which disseminate information and amusement among 
millions. 

Begin we then with Pojper. (Ezhibit<»<s 217, 29, ^ 4% 
42a, 76, 84, 96, 101, 102, 143, 147, 149, &c.) 

On entering the space allotted to Glass XVII^ th^ 
visiter cannot fail to observe the immense roH of paper 
suspended from the Galleries, made in a continuous 
fiheet of 2,500 yards long, and 46 inches wide, whic}i 
is to be seen at the opposite comer to the envelope 
foldrng-machine. This forms a good preparation for the 
•contemplation of the manu&cture of this importaBt 
article, which we are now about to notice, as showii^g tlie 
perfection of the machinery in thus producing from t^e 
liquid pulp an unbrolnen sheet of any length required. 
There are other looog lei^gths of paper of various kinds '^ J2i 
the web," or continuous sheets, which are also well worili 
inspection ; but we will proceed upon the plan proposed, 
and commence our survey with the first stages of this 
important manufacture. 

A very interestidag <colleotiQn (149) meets the visiter 
I. u 
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OH first entering the compartm^it* It consists of spe^ 
cimens of the present state of the paper manufjftcture in 
Great Britain, as well as of the materials ei^ployed in i^ 
in various stages of preparation. Foul mg^ and other 
matters are here shown in strange contrast to the pure 
white of the manufactured paper. Here too^ amongst 
other ^ paper materials/* is shown a piece of the cable of 
the "Boyal George/' and coarse paper made from it- 
objects worth the notice of those who value relics. 

The introduction of paper-making machines, as the word 
is now imderstood, is of recent date ; a model exhibited 
in Class YL, which is on the principle by which almost all 
paper is now made, was patented in 1806. Till within a 
very few years before this, paper was made almiost ^atirefy 
by hand. And though ziiany improvements had been ma^ 
in the art since its first discovery by the Chinese (who are 
supposed to have been the inventors of paper), a.d. 95, it 
is not in our province now to detail these ; but to notioe 
•the process through which paper, as now manufactured, 
has to pass. The first operation is to cut the rags or 
other materials into small pieces. Then, after having been 
thoroughly washed, they are conveyed to a cylinder. fujp- 
nished with sharp teeth or cutters, which revolving 
against other teeth, the rags are reduced to a thin pulp. 
The pulp, or '^ stuff," as it is technically called, is then 
moulded into the form required for the future sheet of 
paper, upon a firame and rollers covered with wire-clotb, 
the patterns on which form what is called the '^ water- 
mark " in paper. The superfluous water draining throu^ 
the wire-gauze leaves the pulp of a proper consistency for 
the subsequent operations of pressing, &c. Many speci- 
mens of these '^ dandy-rollers," as they are termed, of 
pulp-fitrainers and pulp-meters, and of other portions of 
paper-making machinery, are to be seen amongst the 
articles shown in Class YL 

The specimens of paper exhibited include printing- 
papers, writing-papers, and others (showing contrivances 
for autograph water-marks and other novelties). Another 
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branch of the paper manuiaoture represented is the tissae 
upon which the designs for pottery and earthenware are 
first printed, thence to be transferred to the unglazed 
ware (147, and Glass YI., 100). Specimens are also shown 
of the coarse papers made from old ropes and such-^hke 
&brics, and used for packing ; of glazed-boards, employed 
in pressing cloth ; of gun-wadding ; of the blue paper used 
by starch-makois, which has to undergo the process of 
baking in contact with the moist starch without losing its 
colour ; and of other coarse descriptions of paper. 29 is 
an exhibition of paper rendered water-proof by the em- 
ployment of a newly-invented size. 

The importance of the paper manufacture of Great 
Britain may be estimated by the following facts. About 
130,000,000 pounds weight are annually made in this 
country, the value of which is estimated at upwards of 
3^000,000?. sterling. About nine-tenths of this quantity 
are used in home consumption ; the exports not exceeding 
300,000?. Paper made in the United Kingdom yields an 
annual return to the revenue of 870,000?. Of cards, draw- 
ing-boards, envelopes, and ornamented papers, we shall 
have to speak when on the subject of fancy stationery. 

Let us now proceed with the next of the great requisites 
in the production of printed books. 

Type, (Exhibitors 22, 78, 90, 92, 94, 124, 150, 181, 182, 
184, 196, &c.) — Some of these show the type itself, but the 
greater number of our founders have contented themselves 
with sending (more comprehensible to the majority of 
visiters) samples of the work printed therefrom. 

Type, as many of our readers doubtless know, is cast in 
mixed metal composed of lead, tin, and antimony. Hie 
character to be cast is first engraved on a hard steel 
punch, which, struck upon a piece of copper, forms a 
tnatrix or reverse for the future type. This matrix is then 
placed in a mould of the size required for the letter to be 
east, into which the type-founder pours the melted metal. 
124a and 195 exhibit the matrices and moulds thus em- 

U2 
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ployed ; and 76 shows tke mould used in 1790, contEaBted 
with that of the ptraeent day. 

In dafis VI. may be seen a .machfnft for malcing type from 
copper, zinc, or other metal in a cold state, the mabtiz 
being used as a die, and the type strack something after 
the maimer employed in coining. 

1^ iUtostrates the exactness with whidi type can hs 
castj in a super-royal " form" of the very small type called 
^ pearl." This ^ fonn," which weighs 140lbs.9 and consists 
of above 220,000 separate pieces of metal, is Bupported 
only by the lateral pressure of " locking-up" (screwing 
into an iron frame or " chase") ; a prociess that obviously 
could not be aoooaaoLplished were not every type peifeetly 
square. Of extremely small (we may say microscopic) 
type-founding there are two specimens) d2 and 150, each 
of which is declared to be the smallest ever cast in this 
country. They are respectively called ** Gem," and 
** Brilliant," and an idea of their size may be fbnned from 
the fact, that in one of them (cast by the new type-cast- 
ing machine, patented by Mr. Eichords), <Jray's "Elegy," 
consisting of 32 verses, is contained in two columns 3t 
inches deep. Every letter a separate casting, and the 
whole pei&ctly legible ! 22 is an original design d a 
series of letters called " Arabesques ;" and amongst the 
collection are to be found a set of Elizabethan or Church 
text, with initial letters of the Tudor period ; ornaments 
from the remains of Nineveh and Efcruria^ and other sped* 
mens of fency typography. 78 contains some specimens 
of borders printed in three or four colours, M shows a 
plan for printing from type in two colours, by making the 
letters of different heights, so that the inldng roller in 
passing over the form, shall only touch those types which 
are to be printed in the one colour. 181 has a varietj 
of lanc^ borders^ and specimens cf plain and ornamental 
typography are shown by 113, 136, 140, 180, 187, and 
others. 140 gives us King Edward VI.'s Book of Common 
Prayer; coloured diagrams of the fiGost six books of 
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*EucHd;" with spedxnens of the missal ornamental 
dreBses, and decorations of the middle ages. 180 is the 
speech lately deliyered hj H.R.H. Prince AIiBEBT^ at the 
Maoflion House, in En^ish, French, German,. Turkish, 
Arabic, and several other languages, exhihited as a speci- 
men of the application of typography to Yarious characters* 

Brass rules (used for printing the straight lines in tabular 
work, or the diTisions of columns in newspaper and book- 
work) are shown (187), arranged in company with pieces 
of those segmentary ornaments called ^combination 
borders," forming a representation of the front of the IVee 
Church College^ Edinburgh. The outlines, shades, and 
other effects, are all produced by these means, upwards 
of 12,500 pieces of metal type, and 80 feet of brass rule^ 
being employed. 78 has a machine for cutting brass rules 
to the proper length, and for ^ mitering^ or forming the 
angle at the end to make two rules join elosdy whea 
arranged in the form of a border. 

Several purposes, for which it has been found extrraneljr 
difficult to employ moveable types, remain to be noticed* 
These difficulties have principally arisen where it has been 
required to imitate by typography the works of the pea. 
Calligraphic, or ^ script" type, is one of these.. The diffi- 
culty of making moveable t3rpes, which when set up should 
give to the letters the continuous appearance of written 
words, each letter joined to the next, has often called forth 
the ingenuity of the type-founders. 78 shows type of 
this description, in which the difficulties are apparently 
very well disposed of. Music, too, requiring as it does^ 
whatever notes be printed, a continuous stave running the 
whole length of the line, requiring also in msmy instances 
the most unexpected forms and combinations to expivss 
the different musical phrases, has long been another 
stumbling-block. Of this description of type, however, 
there are several good specimens exhibited (22^ 77, 9^ 127, 
and others). Some notion may be formed of the difficulties 
attending the printing of music by moTeabla types, when 
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we mention that, in one of the cases above allnded to, 25^ 
different types are employed, consisting of dots, strokeSy 
curves, &c. ; while in another the number of different types 
is 315. Between these types there is freqi^ntly so little 
perceptible distinction, and yet this difference is so im- 
portant to the appearance of the work, that no ordinary 
care is required on the part of the compositor in setting it 
up. A specimen is also shown of printing inscriptions 
(copied from some in the British Museum), in the cunei« 
form character, by means of moveable types, which is 
very satisfactory. Typography, applied to the printing 
of Persian, Syriac, Ajrabic, and other characters, is also 
exhibited ; and the Chinese language, with its alphabet of 
some 80,000 signs, is represented also by the use of move- 
able types. Two attempts are to be seen (60 and 197) 
to reform the spelling of our own language, and to intro- 
duce more or less a new alphabet. These are the phono- 
logical and the phonotypic systems of printing. Of their 
respective merits it is not for us to speak ; our subject at 
present is typographical, not philologicsd. We mention 
them among the other varieties of type exhibited. One or 
two specimens of wooden type are also shown. And the 
^ Hymn of all Nations" is exhibited as a specimen of typo- 
graphy in fifty different languages. 

Some improvements in the apparatus for setting up the 
types are shown — 11 is a portable frame for holding the 
cases ; and in Class VI. is a proposal for introducing the 
principle of a division of labour into the compositors* 
duties, by leaving the type when set up to be "justified" 
(the process of increasing or diminishing the space between 
each word, in order to bring the last word exactly to the 
end of the line), by boys' or other inexpensive labour. 
, Stereotyping, Src. (Exldbitors 107, 124a, 128, 174, 195, &c,) 
— Closely allied to type-founding are the arts of stereo- 
tyjftug, polytyping, electrotyping, and similar contrivances 
for getting solid casts from the surface of the moveable 
types. la the first of these branches there are some very 
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good specimens (107), which show the sharpness with which 
the &ce of the type, wood-cut, or other raised surface can 
be reproduced from the plaster mould. Under the same 
number we find a stereotype plate for printing in two 
colours at one impression, for show-cards and similar 
work. Portions of the plate are contrived so that they 
ijoay be readily lifted off and inked separately, and as 
readily fixed on again to pass through the press. One 
novelty in connection with this is, that the letters (which 
are white) are not engraved, but are produced by a process 
which the inventor keeps secret. 128 is a new process of 
bituminous polytyping, in which the printing surface 
itself is a bituminous compound : 189 are [very delicate 
casts in a fusible metal from lime-wood maiaices ; 174 is 
an electro-stereotype plate of a page of "diamond" type 
(the smallest used) from a guttarpercha matrix, whiph 
was taken from the type in a screw-pr<3ss. A still more 
extensive application of gutta-percha for this description 
of process, though exhibited (in conjimction with a print- 
ing machine) in Class Yl., is to be noticed .with the class 
we are now considering. Here the printing surface itself 
is made of this material. A gutta-percha matrix is first 
taken from the surface of the type, wood-cut, or whatever is 
to be printed. This matrix is then put into a " patent cylin- 
der press," with a cylinder of gutta-percha in contact with 
it. By this means the cylinder is moulded by the pressure 
into the form of the matrix, and becomes in fact a cyhnr 
drical stereotype of gutta-percha. From this cylinder the. 
work is printed on paper " in the web" in a patent press 
(also exhibited), which cuts the paper when printed into 
sheets, and finally folds it into the required form. 40 is a 
print from a stereotype plate, taken from medaUion or 
machine engraving. 

• Prmting-ink (Exhibitors 31, 65, 78, &c.) is exhibited m 
black and colours, but, hke the type, its excellence is 
much better shown in the printed work. 

Writimg and other Inks, (Exhibitors 7, 80, IIQ, 119, 155, 
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176, 179, fte.)-— 60 is a chemical ink for writing on paper or 
parchment besmeared with grease^ adapted lor bixtchers^ 
oihnen, &;c. 176 shows specimens of writing-ink which 
have been tested bj TsriouB acids, withoat being in any 
Way affected by them : exhibited as a security against fraxuL 
I5I(, specimens of markii^ink. 

• Printing presses and machines are shown in Class YI^ 
to which we wotild now refer the visiter for the next pro- 
cess in book-making. 

The specimens shown of lithographic printing, of chromo- 
hthography, of printing in colours from wood blocks, and 
other descriptions of ornamental and artistic printing, are 
irery beautifol and extremely interesting. The perfection 
to which these arts ha^e now been brought, the niceties 
of shade in the various tints produced l^ printing one 
ever the other, and the general excellence of the products^ 
are something wonderfiiL These specimens have been most 
appropriately placed in the Fine Arts' Court, (daas XXX.) 

BookMnding. (Exhibitors 6, 8, 24, 26, 35, 43, 48, 59, 63, 
67, 68, 80, M, 97, 103, 106, 109, 111, 117, 118, 134^ 135, 13%, 
158, 196, &e.)^ — ^The collections are numerous and good. 
Some of the bindings being particulariy beKnctifiiL Inlaiii 
leather, naad leather stained in imitation of wood, are 
shown as the C0vers of books. A clock-casey too, in leather, 
ornamented with bookbinders' tools, is shown in this 
department. 24 exhibits the different stages through 
nAiich a book passes in the process of bindings — ^the 
aia»ets folded, sewed, put into boards, eut^ head«bande^ 
pasted down, and &iished. Designs pai&ted on the fbre»- 
edges of books are also shown, and many varieties of 
emamental bindings. 194 is a large portfolio fixed on a 
bracket, and opening from the waU. A Bilde, bound for 
William IV., with a representation of the "Sailor King** 
en the cover, is handsome. In 67, we have an attempt 
at making the outside of a book give an iUuatration of iter 
contents, by using ornaments in accordance with the era 
<«t ttie subjects of which it treats ; and, in 158, we h^ive 



l^ottarpercha brndings in iimiaatioii of carved ebonj^ and 
samples of the method of omaiaaatiDg the oovors of boolai 
by machixkery, ihe dasiga being eeograTed on a dje^ the 
impiressioa from -which is produced at a single blow. The 
application of electrotyping to the ootamentixi^ of book 
coders is ^k>wd, as are also corers of solid joaetal. Two 
boc4p3 bound together back to back in a curious manner, 
^Milled the ^Siamese" binding, and ecclesiastical books 
bomid in carved wood and polished oak^ are also exhibited. 
Cloth for bookbinders' use (56 and 69)^ patttxt head-bands 
made by macdiinery (61), millboards^ &a (42), and other 
materials^ are also to be seen in this departanent. A 
£ible, with a co>v«r most beautifully carved in box-wood, 
is placed among the Fina Arts, as are also some good 
specimens of decooratiYe bindii]^. 

Aecoimt Books. (Exhibitors 34^ 4^ 46, 53, 86, 101, 159, 
4cc.) — ^We have specimens of cocnmercial books of all kinds 
«nd of all siees, from the ^ monster ledger " to the smallest 
pocket-book. DifEerent processes are sbo wn under various 
patents for contrivances to pzevent the leaves from 
breaking away from the binding, and to insure the books 
opening p^eotly flat--« point of great importance in 
account-books, wherein it is requisite to write in the 
inner columns. ^ «nd 38 du^lay metallic pocket and 
memorandum books. 

FG/ney Staiimery. (Exhibitors 1, 17, 18, 27, 33, 41, 49, 76, 
79, 101, 102, 137, 142, 160, 177, 190, &c.)-~j;iet us now take 
a glanoe at the departments of cardas, envelDpee, embossed 
paper, and fancy stationery in general We will b^in with 
the machine for folding envelopes, exhil»ted in the Kavc^ 
to which we have before alluded. On £r»t seeing this 
machine folding the flat pieces of paper into envelopes, 
at the rate of from forty to sixty in a minute, the 
spectator feels almost inclined to doubt the policy of 
constructing *6o pow^ful a machine i^ so simple a 
purpose as the folding of an envelope; and to wonder 
how the consumption of so trifling aa article (mni/veEsal aa 

u3 
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in its tue) can -pomnitity be mdhrAmt to eaxfioj sadb 
engiiieii in their manii&ctaie. This wonder idll ptohaHbHj 
he Gmmdenbly diminiefaed when he leans that sboot 
three hundred mUUons of ktten enclosed in envelopes pass 
through the Post-office in the ooarae ci the year! Add 
to this the niunbeis oonreyed by hand for notea^ circakr^ 
kc^ which are estimated as being about equal to the nmnr 
ber sent by post^ and we hare the eztraordinaiy amount 
of fix hundred fntUions of envelopes as the annual con* 
sumption of this country ! 

The machine before us folds upon an average 25,000 
envelopes in a day (of ten hours), and so true and exact is 
its mechanism, that of this quantity the average number 
of envelopes spoiled is only 12. 

Let us see the working of it. The paper is first cut into 
the form required for the envelope. This is not done, at 
the machine^ but by means of a steel pimch or form of the 
required shape, which is pressed forcibly down upon the 
heap of paper by a powerful handrpress. The initial letter, 
or other device impressed upon the envelope^ is also 
stamped prior to its being taken to the machine. This 
done, a heap of these papers, or ** blanks" as they are 
called, is laid upon the table of the machin& The boy who 
feeds it then takes one from this heap and lays it upon 
the small iron platform, which rises and sinks in a rec* 
tangular cell in the centre of the machine, having guides to 
convey the envelope to its proper place. The platform 
sinks, and at the same moment a plunger fitted into the 
hollow caused by its descent (and balanced by counter- 
poise weights) falls down, and forces the paper into the 
boUow, thus doubling up the four flaps of the future enve- 
lope, and making a rectangular crease which marks its 
form and size. But this is not enough. The flaps are now 
in a vertical position. They have yet to be gummed and 
folded down upon each other. To admit of tMs the plunger 
now separates into two portions, the ends rising to allow 
of the two end " folders'' (which are shaped like the flaps 
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of the enyelope) to turn down the two end flaps, the sides 
of the plunger meanwhile holding the envelope down. The 
two folders perform their office simultuieously to all ap- 
pearance, but not so in reality. The one to the right of 
the boy feeding goes first ; by this means the flaps must 
of necessity fold properly over each other, otherwise by 
meeting half way they might be creased back and de- 
stroyed. The ** gumming'* is the next process. The 
*' gummer** is a piece of metal cut in the form required to 
be taken by the gum to cause the (Mroper portions of the 
envelope to adhere. It is supplied by an endless strip of 
cloth or felt revolving in a small trough containing the 
^gum. It now descends upon the two end flaps, applying 
the gum to them. The portion of the plunger which 
had been left behind and the ^ gummer" then retire 
together to make way for the operation of the two side- 
folders. These descend upon the envelope (the one 
nearest the boy taking a slight precedence), and the folding 
is completed. The end folders have tiU now remained 
upon the envelope. The four folders open together, and 
the taking-off a^^ratus at the same instant moves for- 
ward. This consists of an iron rod, with a transverse one 
fixed to its end. Two "fingers" (small pieces of iron 
tipped with vulcanised Indian rubber) descend from the 
transverse rod, and being lightly pressed upon the env^ 
iope, the slightly adhesive nature of the caoutchouc 
enables them to lift it off the platform, and, again receding, 
to convey it to the heap of folded envelopes, placing it 
Tindemeath the last formed. The edge of each envelope 
as it is taken to the pile is by this dehoate apparatus 
allowed to project somewhat so as the readier to admit of 
the next folded one being placed under it. The envelopes 
when folded are conveyed by an endless blanket working 
across the machine to a pair of rollers between which they 
are pressed. They then form themselves by the unaided 
action of the machine into a regular pile in a trough, 
whence they are taken out in a finished state. 
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Another of a aoDkonAiftl simyttr dMBisptkm l» ezlubitod 
m Clam YI. It diiero from the one ve buve deaeiibed in 
several partiGuhm. In the fiist pkee it hee a eelMeeding 
appexatusy which ia very curious The heap of '' tdanls" 
18 pkoed upon a aoudl platform, whidi nsea «i each open^ 
tioa of the machine^ and brings the uppennost sheet im 
contact with a hollow arm. This ann is ecmaeoted with a 
small apparatus resembiaig an auvpump^ whi^ creatiz^ & 
partial yacuomy causes the paper to a^ere to the arm l^ 
the pressure of the atmosj^Mre. The arm adTaaoes, and 
conveys the paper over the cell idiere it ia to have ita 
form given to it^ when the action of the vacuum appajratna 
is reversed, and the paper thereby deposited in its places 
The flaps are not in this machiiie turned down by' the 
folders as in the other, but by a second descent of the 
l^nnger upon them— an aotiicm which hardly seems- s^ 
eertain-^^fflrtaiinly not ao r^d as that c^ the folders. The 
gnmming apparatna, too, is sMghtly different fr«xn that we 
have described And the finished envelopes are not pressed 
and i»led into a heat», but drop into a boj^ and have to be 
gathered, and aftarwaardspfessed by hand. In this machuia 
a die descends, by the same motion with the phxnger, and 
stamps the envdope with the device required. 

But we will resume our notice of fimcy stationery at the 
spot whence we strayed to mention the companion machine 
to that which forms so pv^cmiinent an object in the colleen 
tion we were examining (76). Here we fold note-paper 
embellished wii^ very elegant and artistic designs in the 
water-mark — aa art of modem invention — and most beau* 
tifol designs in playing-cards (by Owen Jones). Some 
playing-*carda are exhibited on the novel principle of 
{ffinting every suit in a different colonr. Embossed papezv 
and cardsi envelopes, &c., are shown, and sc»xm fose 
enamel coloured papers, very artistically arranged* But 
by £eur the most interesting contribution from this exr 
hibitor is the new process shown of the production upon 
paper of prismatio and chameleon-like gqIouk^ changing 
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erory Tarintion of pooLttcm (177). The prineiple 
upon which this prooees depends is that which was 
esfduned by Sir Isaac Newton in accounting for the 
beautifol piisoaatto colours ^chibited by a soap-bubblfr^^ 
the extreme thinaess of the film. In the paper now under 
our notice^ the colouring matter (i^ without m^ying a 
^ bully" we may use the t^rm) is a colourless Yamish, which 
is iqiread first upon water. The paper, or other matter to 
be eodb^liahed (for the exhibitov shows the apf^oation of 
it to metals as well as to paper), is drawn through thi% and 
the fihn of varnish adhering to it causes it to exhibit the 
most beautifiil indescent colours* The paper exhibited 
is of different tints : some of it is white ; and a shell made 
in this has a most perfect resembkncc to nature. 4^ 
has a large collection of envelopesy note-paper, and other 
fiuacy avtidee. 102 cdiows some writing-papers ornamented 
with wreaths of flow«» in the water-^mark ; and artistie 
water-marks are also shown in a transparent screen (l^). 
4d displays a frame filled with playing-carda in gold and 
odours. Valentines are exhibited in considerable varie^ 
and the embellishment of some of them is very elaborate 
consisting <^ perforating embossin|^ stamping in imitation 
of lace, crochet-work, &c. Illuminated note-paper (33), 
and note and letter paper (101), ornamented with views 
in oil-colours^ are to be noticed^ 79 contains specimeaci 
of embossing ({dain and coloured), exhibiting^ amongiet 
other subjects^ one of Saphaers cartoons. Lac&*bordered 
.cards and paper are alao to be seen here. 

A machine for forming the dome-shaped lamp shades 
from flat paper disca^ some imitations of different £u»;y 
woods |»inted in colours &om wooden blocks, and som# 
very perfect imitations (in printing) of lace^ mu^icv &&, 
are shown in Class YI., as is also a patent folding machint. 
We glance aii thesia as being connected with the Clasa we 
are now notieing^ although not included in it. 

137 shows three different kinds of selfnaealing envek^pei 
having moist cement contained in a tinfoil capsule. 149 
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is the ^regurtered poljcfarest eavdope,^ comprisiiig in one 
piece of pax>er both note and envelope. 

12 is a postage^Btamp machine contrived as an expedient 
for saving time. It is so arranged, that on dropx^ig in a 
pennjy the mm^liiTift most honestfy and conscientionsty 
defivers one stamp. 47 shows a manijfold writer, with 
spechnens of the copies taken by it. And 121 is a portable 
letter-case containing paper by which a copy of a letter 
written in ink can be taken by the mere pressnre of the 
hand. 51 are perforated platas for marking hnen ; and in 
156 we find a new description of manifold writer made on 
the jninciple of the pentagraph, by which several copies 
may be written with pens at one operation on separate 
sheets of jmjier. 41 and 64 exhibit tracing cloth. 1 has 
a very handsome and very large colour-box, and other 
requisites for artists, a scrap-book, &c. 45 has different 
kinds of drawing-boards ; 63, an artist's multum-in-parvo, 
containing a seat and other conveniences, with the various 
materials required for sketching. Scrajv-books are shown 
{88, 108). Specimens of engraving and illustrating music 
(123 and 183). An almanac printed upon vellum in gold 
(186). And newly-invented ink-bottles (165). Sealing- 
wax is shown by 21, 73, 93. 

Several other articles are exhibited in this class which 
though not exactly shown as specimens of paper or of 
printing, still are either connected with them or produced 
from them. Amongst these the visiter will observe several 
inventions for enabling blind people to read, write, calcu- 
late, write music, &c. (20, 47). Dr. Foulis's tangible ink. 
which produces raised characters upon the paper for the 
tise of the blind, is to be found among these (170), as well 
as various alphabets, system of musical notation, &c. (171, 
198). School outlines too, for teaching drawing (185), 
which are stamped in the paper, are shown in this Class ; 
so are copy-books with printed headings (83), and several 
specimens of penmansldp (178, 199), and some copies of 
engravings excellently executed with a common pen, by a 
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late pupil of the Glasgow Deaf and Dumb Institution 
(200). 

23 contains some examples of 'a very curious process 
of splitting the thinnest paper evenly, without damage to 
either side of the sheet. 

36 exhibits safety paper for banking purposes, and 
some extra strong paper used by Government for foreign 
despatches, a sheet of which weighing only 1^ oz. is said 
to have supported, without tearing, a weight of ,5 cwt. 24 lb. 
suspended from it.' 

10 is a very extraordinary process: — ^A bank note is 
exhibited, printed apparently in two colours, a neutral 
tint for the back ground and black for the letters ; and 
yet these two are produced at one printing, from one plate, 
at one press, and with one inking. It is recommended as 
being so much cheaper than a plate. worked of at two 
different printings, while the peculiar nature of the ink 
(which is a water-colour) is such as to render it a good 
preventive of forgery, as it immediately detects any 
attempt to tamper with the. writing by means of acids, or 
otherwise. Specimens are shown of the effects of different 
tests upon the colour. 

201 is an interesting coUection of 183 books- in dif- 
ferent languages, consisting of the 175 versions of the 
Holy Scriptures, either in whole or in part, which the 
British and Foreign Bible Society has been instrumental 
in publishing; and eight specimens of English Bibles, 
showing the improvements of printing, &c., from the year 
1816 to 1851. Near to this collection is that of the 
Beligious Tract Society (154), consisting of religious books 
in the principal languages and dialects of the world. 
The polyglot Bibles too (87), printed in separate volumes, 
and corresponding page for page with each other, form an 
interesting collection. 

Several machines exhibited in Class YL for cutting cards 
for printing and other purposes, for cutting, printing, pack- 
ings numberiDgs and dating railway tickets, &c., may be 
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noticed in connection with the branch of manu&cture we 
are considering. Copying presses also in considerable 
numbers ; cutting machines, for paper or millboard^ for 
bookbinders and other purposes, for cutting paper in the 
continuous sheet for ruling. 

Maps in large numbers are hong in all directions about 
the walls of the space allotted td Class XVII., principally 
contributed by 4, 66, 74, 175, 191^ 192, 193 ; and amongst 
the collection of printing; &c. (136), is a relic or autograph 
that would be highly esteemed by collectors of those 
matters. We allude to Mr. Pazton's first sketch of his 
design for the Crystal Palace, roughly drawn in pen and 
ink upon a piece of blotting'^per, from which we are told 
the drawings and elevations were copied to be sent to the 
tloyal Commisaioners. 

Maps nr thb ExHiBrnoK. 
The jpositi&n cf these Maps vnR he stated at the head tf each 

description, 

Exhibitors.— England, Class I., 169 ; Claad VHI., 129 ; 
Class X., 160 ; Class XVII., 4, 87, 66, 74, 109, 191, \9% 
193 ; Class XXX, 232, 263, 335. 

France, 804, 1072, 1238, 1635, 1653. 

Austria, 363, 364, 365, 368a, 372. 

Belgium, 437. 

United States, 143, 215, 310, 360, 477, 505. 

Zollverein, Class I., 158, 290, 303, 432 ; dass III., 184 ; 
CSass VL, 6. 

Switzerland, 42. 

The importance of this Section of the Exhibition, 
although not amdngst its more striking attractions, is so 
exceedingly great, that the following description of these 
Very valuable works, which has been drawn up with much 
care, is introduced in this place, under the impression that 
it wiQ serve immediately to direct attention to things 
which might otherwise pass tmnoticed, and be a record of 
a collection which it is not probable can ever again be 
brought together. 
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EzsGLAND. — The GovemmOTit map of liigland and Wales 
(at the end of the West Gallery), is engraved on copper on 
the natural scale of ^i^, or 1 inch to a mile ; the hiUs are 
represented by vertical "hacheurs," and the altitudes of 
the principal points grren. 

The map of Lancashire is on the scale of 6 inches to tL. 
mile. This shows all the civil divisions of the county^ 
with every field, and almost every tree in the county. 
The altitudes are represented by eontoursy which are Hnea 
of levels traced round the hills, and into all the sinuosities 
of the ground : they are taken at different altitudes, at 25^ 
60, or 100 feet above the mean level of the sea, and it will 
be seen by the models made from the data furnished by 
the contours, that they accurately represent the configura- 
tion of the ground, and the relative altitudes of different 
points on it. 

The map of livmpool is on the scale of 5 flaet to a mile ; 
every house, outhouse, giBrd^i, ftc, is given with the 
minutest detail, and the levek are engraved alcmg sJl the 
streets. 

The whole of Ireland has been engraved on the scale of 
6 inches to a mile, and most of the principal towns have 
been drawn (m the scale of 5 feet to a mile. The plan of 
Dublin is on this scale, and is very highly finished. The 
survey of Ireland is the most peribct survey of a kingdom 
that was ever made. Alt the civil divisioBa of the country 
are shown on ity and their acreage given; and as the 
boundaries of private estates are genera&y the aame as 
those of the townlands, the (Government may be said to 
have furnished a special map of every estate in the kingdom ; 
and auch is the oonfidmoe placed in it by the pubhe, tiiat 
transfers of property are made without incurring tiote ex- 
j^enses of special surveys for the purpose. Numerous alti- 
tudes are given on the plans, so that lines of railroads, canalii^ 
or drainages, can be laid off with perfect cerfcainty, whikt 
as a basis for the valuation and registry of property, and 
for social improvements of many kinds, they are uzmvaUed. 

The electrotype plates and the impressions frf»n them» 
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show the perfeeiion attained in this art, and the ready 
means it a£fords for multiplying copies of plates. 

The Admiralty exhibits a series of the printed charts, 
from the Hydrographioal Surveys, of almost every part of 
the globe. They demonstrate the seientifio attainments of 
our naval officers^ and the enormous amount of labour 
which has been expended in perfecting our charts ; that of 
the Atlantic, showing the lines along which the variation 
of the compass is equal, and the difference in the amimnt 
of the variation in different places, is no less interesting 
than valuable. 

The Geological Map of part of England and Wales, ex^ 
hibited in Class I, is the Government Survey, and is 
executed in a very superior manner. 

The Geological Survey of the United Kingdom is now in 
progress, imder the direction of Sir Henry De la Beche, 
with whom the work originated. Electrotype copies of the 
Ordnance Maps being obtained, the geological boundaries 
are laid down with great accuracy, and engraved upon 
them, together with the mineral lodes, the outcrop of the 
\DoaI, faults, and much other valuable information. These 
maps, therefore, represent most faithfully the geological 
land mineralogical condition of the country over which the 
survey has been extended, and they are, to the practical 
miner and to the agriculturist, of the utmost value. 

The map of England and Wales, scale half an inch to a 
mile (74), is a good general map of the kingdom. The 
schoolroom maps, by the same exhibitor, are very dear 
and distinct. 

The schoolroom maps (4) of the Royal Naval School are 
also veiy good, clear maps for the object, which is to 
embrace physical, poHtical, and industrial information. 

Mr. Wyld exhibits a well-executed map of England, and 
another of the world, with a popular atlas, got up in an 
inexpensive manner. His coloured railway map of Great 
Britain is very good, but the map of the Pyrenees does not 
appear natural. 

Adshead's illustrated map of Manchester, scale 1 inch to 
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66 feet (328), is a usefttl map for local purposes, but is 
roughly drawn. 

The map of London (335) is a clear map for general pur* 
poses ; and the mi^ of London (192), with tables of dis- 
tances, is also a useful map for reference ; while the map 
of London and Westminster (191), compiled from old maps 
and records, representing the city as it was in the reign of 
Elisabeth, is yeiy interesting, and well engraved. 

The map of Ipswich (1), by Cowell, is printed from a 
plate produced by the anastatic process fi*om the original 
pen-and-ink drawing, and is a good example of this method 
of reproducing fao-similes. 

The isometrical projection of the world (66), by Candy, 
is very ingenious, but distorts the plans. 

M*Dermot's survey of the estate of R J. Wason, Esq., at 
Corwar (188), is a good example of an estate map. 

France. — ^The government map of France is on the scale 
of ^oJogth, or Jths of an inch to a mile. It is engraved 
on copper, and the hills are represented with vertical 
''hacheurs," as in the English maps: they contain great 
detail, and are beautifully executed. 

The index is on the scale of T^nRnj^^th, or about i^th of an 
inch to a mile ; the principal triangulation and the bases 
measured at Dunkirk, Melim, Brest, Marseilles, Bayonney 
and Perpignan, are shown upon it. 

The hydrographical charts are beautifully executed ; 
those of the coasts of France are bound in folio volumes, 
and are known as ' Le Pilote.' The charts of the Gulf of 
Spezzia, and of the Shetland Islands exhibited (126), are 
good examples of the French style in which the charts are 
executed. 

The Government has also had special maps made of 
different parts of the country on larger scales ; that of St. 
Cloud is on the scale of 12*68 inches to a mile ; the De- 
partment de la Seine is on double the scale of the general 
map, or 1 '6 inches to a mile. To illustrate the descriptions 
of battles, that of Craones is on the scale of 1 *6 inches also ; 
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that of MontmiraJlon rat&er more than S rndtoB to a ^akt 
The plans of the towns of Moulins, Bennes, Vesoid, aoul 
Orleans, aare on the scale of ^jJo^th, ©r3-»mches to amile. 

894 is a beautifhl lithographed map of Lyons, on tha 
scale of Toiwth, or 6-3 inches to a mile, 

(544.>--Six sheets of the geolDgijcai map of Franco, by 
Dufr6noy and Elie de Bearamont. These are coloured by 
lithographic printing. The geological map of the depart* 
ment of the £as-Bhein, on the scale of the general map, 
is coloured in the same manner. These are from thft 
« National Printmg Office, i^ris." 

The hthographed map of Algiers and its environs^ coni»* 
piled from tikie surveys and reeonnaissanoes of the officers 
of the Etat-Major, ia well executed, and is the best pub- 
lished map of i^at country. 

39. BauerkeUer exhibits 14 coloured m^s in relief of 
differoat parts of the world. They are neat and prettily 
executed, but cannot aim at mudi accuracy. 

Austria. (363.)— Jlftgw of Lombard^ and Fewice.— Tha 
Government maps are engraved on the scale of ^i^. or 
•not quite 3-4ths of an inch to a mile. The hills are 
lepresented by vertical " hachaurs," darker from the light : 
these plans contain great detail, and are very clear good 
maps, but no altitudes are given. * 

The latitudes and longitudes on the bordera are given 
to one minute. 

The lithographed plan of Vienna and its environs, ott 
the scale of about 4 inches to a mile (the scale is not stated)^ 
is printed ia colours, distinguishing the claes of the houses,, 
as brick, stone, or wood ; and also the soils and localities 
producing the different crops, as wine, wheat, beans, &c 

5o^wwa»— -There are no impressions of the Government 
Survey of Bohemia, but the engraved copper sheets coat^ 
taining the city of Prague, and the electrotype matrix plato 
from it^ is exhibited as an example of the mode in whiok 
plates can be multiplied. 

The scale is not stated, but it appears to be about 3-4th» 
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«f an inoii to a foot. Tbe hiSs are rej^ffea&aib&d by vertioal 
^iiachfixus," and the whok v&tj well eograyed. 

(370.) Statistical Maps— of Austria, by J. Benuann, of 
Vieima. 

'^Qie popuMion is divided isto dafises, as aristocracy, 
beaurocracy, clergy, merchants, teachers, agricxilt\mst8, 
<&6^ the maps distaBguish by oolours the relative density 
of the population, and of «adi particular class in each dis*- 
tadct, and separate indexes give the number of each parti- 
cular class, in each part of the empire. 

Mofi of ^tM^ia-<-distinguishJQg the provinoes in which 
£ho five different languages ace spoken, viz.: — Oerman, 
Italian, Hungarian, Sclavonic, and Walladbian. 

(ai6li.) — ^Lacge map for teaching, printed in colours, ftom 
«0od blooks : the writing is done by common types set in 
ihe blocks ; '^ley are thxffi able to use the same blocks for 
anaps in different langnagBS — fiaMesbergea*. 

These are clear good maps for teaching. 

IsALT. — Iithogra|>hed tspet^kd map of the centre of Ilxdy, 
«a a scale of ^^ or 3-4ths of an inch to a mile, con- 
vtructed from the trigonometrical survey at the Imp. Boy. 
Mil Geo. Inst, Yiemuu 

Map of Europe. — Lithographed and printed in colours, 
hj J. Scheda. 

(364.)— Jlb^ ofltahf, by Oorri, G. of the Imp. Boy. MiL 
Geo. Inst. A good clear map, scale gg jngth, or 3-40th of 
an inch to a mile. 

(372.) — Coloured lithographed matps of Camiola, by 
Miiller, of Vienna ; the hills are represented by stippling 
in brown, the rivers blue, and the roads red — ^they are "well 
executed, and apparently accurate maps. 

The Geological Map of part of Styria, lithographed, and 
printed in colours, shows how well adapted this process is 
to the purpose. 

(363.) Plan of Farts, — A beautiful lithographed map of 
Paris, scale Tgj^ or I-3rd of an inch to a mile ; apparently 
sKipied from the geneoralinap of JBVanoe. . . 
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(437.) Bkubxum. — The Goyenmient map of Belgium is 
engraved on copper, on the scale of ^jm^j or i^ths of /m 
inch to a mile. 

A diagram of the triangulation is published with the 
Bheets, showing its connection with that of France towards 
Dunkirk and Longwy. 

The hills are represented hj ^ hacheursy** as on the En» 
glish maps, but there are no altitudes on the plans. 

The latitude and longitude is engraved on the maigins^ 
and meridians and parallels are drawn across the sheets. 

The name of the principal town in each sheet is written 
at the head of the sheet : this assists the memory much 
better than a number only. 

Antwerp, plan oi^ on a scale of ^^ or 25*3 inches to 
a mile. This is a clear good plan, but there are no alti- 
tudes on it. The divisions between the houses are shown, 
and the pubhc buildings are engraved darker than the 
others. 

Prussia.— Sheet of the Qovemment map, on the scale of 
gJoQth, or 2^ inches to a mile. The hills are represented 
as on the English maps^ but no altitudes are given ; the 
outline is remarkably dear and well executed, but the 
hills are not so. 

We imderstand, however, that the Prussian government 
contemplate a geological survey on the strictly accurate 
plan pursued in this country. 

The hthographed sheet of the survey, containing the cii^ 
of Dresden, on the scale of ^^ is well executed. 

Jottnig and Eraatz. 

An atlas of maps of parts of Germany, by S. Schropp 
and Co., Berlin. 

Geological maps neatly coloured, but the geology is evi- 
dently nothing more than a mere sketch. 

Saxony (184). — ^The government survey is engraved on 
the scale of,^or 1*1 inch to the mile. The hills are 
represented by lines like the English maps j the forests 
and uncultivated ground are ^distinguished, and the. bouu- 



daries showing a broad chain of black squares : the trees 
Ufa the hedge-rows are shown, and every detail the scale 
admits of. 

The meridians and parallels are given. 

The diagram of the principle triangulation shows one 
side to be 95,185*4 Dresden feet ; the average lengths of 
the sides appears to be about 65,000 feet. Surveyed 
between 1781 and 1804. 

America (United States of). — ^Map of the United 
States by C. Smith, 1851 : compiled from the surveys in 
the United States* Land Office, on a scale of 25 miles to an 
inch, and engraved on steeL This is a dear, well-executed 
map. 

Map of the States by Distumell, on the scale of 50 miles 
to an inch. This map is coloured and well executed, but 
«howB only the principal divisions of the country. 

Map of the State of New York, by Ensign Thayer. This 
map is coloured and well executed. 

Map of the World ; illustrated and embellished by 
Colton. It is 6 feet by 4 feet, and is a good map, but dis- 
figured, as all the American maps are, with large borders. 

PoBTCraAii. — 1. Map of the wine district of the Alt 
Douro ; and, 2, of the Portuguese Douro and adjacent 
country, to show how much of the river may be made 
navigable : by J. Forrester. 

Switzerland. — ^A manuscript outline map of Mount 
Sentis, with contours and altitudes as an index to a 
model of the mountains and adjacent valleys. The scale 
of the map is 33^^ or 2*53 inches to a mile, that of the 
model is ^ or 10|. inches to a mile :♦ by C. A. SeholL 

42. Coloured map, in relief, of Switzerland, dktinguish- 
ing the cantons, lakes, rivers, roads, &c. The population^ 
arms, &c., of the different Cantons, is stated on the margin. 

This is a very pretty map, but does not aim at great 
accuracy. 

• The assistant of M. Buehipralder, the engineer employed on the IVIgono- 
metrical Survey of Switierlnid, wm kiUed by Ugbtning on tine miminit of this 
mountain on the 4th Jnly, 1832. ^. _^ 
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TuBXXT. — ^Thiee hydrpgn^hio cbarts, mih 
far the use of tbe navy ; one is of the Ardupehgo, <me of 
the Black Sea, and one of the Sea of Marmora and the Boftt 
phorus. These charts are roaghly executed ; but on i^e 
«ame system as our own. 

There are several Moldavian maps in the Turkish coUec- 
tioa ; one of Transylyaoia^ Mokiavia, and Wallachia, in the 
Moldavian language, and executed at Jassy, is clear and 
pretty well executed. 

Ohika« — Small map of the province of Canton, in which 
the different towns and rivers are shown : it is exceeding^ 
roughly executed, but the meridians are drawn so as to 
represent the difference between them in the different 
latitudes. 

City of Ganion — Plan of — cm the same sheets as the 
above : the plan shows aU the principal streets and bmldr 
iags^ the walls of the dty^ and the forts, in elevation, as 
they were in the maps of this oountiy about 200 years agQ. 
See, as example, the plan a.d. 1600, of Deny, in the 
OrdnoQce Memoir. 

TrigtmometriciU Operations in Fnmce ami Engkmd. — ^The 
trigonometrical surveys of France and England were oom- 
monced in 1784^ for the purpose of determining the dif- 
ference of limgitude between the observatories of Paris 
and Greenwich, and for ascertauung the true figure of the 
earth, by measuriag as many degrees of meridians as could 
be comprised in the triangulation of the two countrieefy 
and for obtaining an accurate triangulation as a grounct- 
work for the National Topographical and Hydrographical 
Surveys. 

To cany out these views, base lines were measured 
with great care in the two countries, and a triangulation 
founded on them has been carried over each, and acros^ 
ti]te BtoDaits of Dover, cosmecting the one with the other. 
That the measurements made in the two countries should 
be strictly comparable, it was mecessary that the relative 
lengths of the standards of measure ttsed in the two 
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Countries should be accaratefy ascertained, and this a^ 
pears to have been effected by sending a duplicate of the 
Royal Society's standard scale to the Royal Academy of 
Sciences at Paris. 

General Roy says the brass standard scale of the Royal 
Society, which is 42 inches long, and " contains on it the 
length of the standard yard from the Tower, that from the 
Exchequer, and also the French half-toise, together with 
the duplicate of the said scale, sent to Paris for the use of 
the Royal Academy of Sciences, were both made by Mr. 
Jonathan Sisson, under the immediate direction of Mr. 
Graham." — Trig. Survey, voL i., p. 16. 

In November, 1791, Mr. Ramsden compared his brass 
standard scale with that belonging to the Royal Society, 
and they were found to be "precisely" of the same length. 

With this scale, Mr. Ramsden laid off 20 feet on his 
cast-iron triangular bar, which was the standard used in 
the measurement of all the bases in England ; for although 
the base at Hounslow Heath was at first attempted to be 
measured with deal rods, and was very accurately mea- 
sured with tubular glass rods, it was afterwards re-mea- 
sured with the 100-feet steel chains used in the measure- 
ment of all the other bases, and Ramsden's 20-feet 
standard was referred to as the standard of measure for 
them alL 

In commencing the survey of Ireland, General Colby, 
had two wrought-iron standard bars, 10 feet long, made ; 
these have been very accurately compared with Ramsden's 
20-feet standard,, and with each other, they are marked 
0| and Og : Oi is a little longer than Oi ; the ratio being aa 
10 to 9 • 9999972, and proportionally a little shorter than 
Eamsden's 20-feet bar, the ratio being as 10 to 10 • 0003828. 

Bird's standard yard, 1760, generally known as tha 
Parliamentary standard, was destroyed at the fire which 
consumed the two Houses of Parliament ; but besidea 
Ramsden's 20-feet standard — ^which, from the known skiH 
and ability of the maker, and the great interest he took in 
X. X • 
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obtaining the most accurate standard of measure for the 
bases, may be safely .relied on, as accurately representing 
six times the length of the 40 inches on the Royal So- 
ciety's standard — ^we have also General Roy's own standard 
brass scale, ^' which was originally the property of Mr. 
Graham, and has the name of Jonathan Sisson engraved on 
it^ but is kiiown to have been divided by the late Mr. Bird, 
who then worked with Sisson" {Ti^. Survey, voL i^ p. 16), 
and might therefore be expected to agree with the Royal 
Society's standard, as on comparing 3 feet taken from 
one with 3 feet on the other, it was foimd by Mr. Rams- 
den to be " exactly." This scale was therefore also com- 
pared with the Ordnance standard 0,, and found also to be 
a little longer, proportionally, the ratio being as 10 to 
10 • 0000104 ; so it may safely be inferred that the standards 
of measure have been very accurately preserved, and that 
the measured bases of France and England are strictly 
comparable. 

In Prance, the base lines were measured with platinum 
rods, 2 toises (13 * 12 English feet) long ; a brass rod was 
attached to the platinum rod at one end, and as the rate 
of expansion of the two rods was known, the expansion of 
the platinum rod was inferred from the difference between 
them. 

With these rods, base lines were measured at Dunkirk, 
Melun, Brest, -Bay onne, Marseilles, and P^rpignan ; thalf at 
Melun was 6075 • 9 toises, or 7 • 3 English miles Ipng, that- 
at Perpignan was 6006*28 toises, or 7 ' 2 nules long, and" 
calculated through the triangulation connecting it with 
the base at Melun was found to differ only 11 inches ; and as 
the bases are upwards of 400 miles apart, it is a proof of the 
accuracy with which the operations have been conducted. 

In connecting the triangulation of France with that of 
England, the distance from Dover to Calais, as computed by 
the French, was 137,442 feet, and by the English 137,449 
feet, from the base at Hounslow, which shows a difference 
of 7 feet in 25 miles. 
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The foDowing bases have been measured in England i-^ 
Hoiinslow Heath . 1784 and 1791 



Romney Marsh 
Salisbury Plain 
King's Sedgmoor 
Misterton Carr 
Khuddlan Marsh 
In Ireland, Lough Foylo . 



1787 

1794 and 1849 

1798 

1801 

1806 

1827-8 ., 



The Hounslow Heath base was first measured with glasa^.; 
tubular rods, 20 feet long, and was afterwards re-measured 
with the 100-feet steel chains : the length is 27404*31 feet^ 
and the difference between the measurements was only. 
2} inches. 

The Salisbury Plain base was measured with the steel 
chains and found to be 36576 • 1 feet, or 6 * 92 miles, and 
when re-measured with General Colby's compensation bars, 
was found to be nearly of the same length. 

The accuracy with which the observations of the angles 
have been taken, is proved by a comparison between the 
measured length of the base on Salisbury Plain with the 
computed length from the base at Hounslow, the dif- 
ference being only one inch. 

The measured length of the Romney Marsh base was 
28535*66 feet^ and the calculated distance from Hounslow" 
was 28 inches short of the measurement ; but General 
Mudge says there are reasons for supposing it was not 
measured so accurately as the base on Hounslow Heath. 

The base at King's Sedgmoor, in Somersetshire, mea- 
sured 27,680 feet, and computed from Hounslow, differed 
one foot nearly. 

The base at Misterton Carr, in Lincolnshire, measured 
26342 * 7 feet^ and computed from Hounslow, was one foot 
longer. 

The base at Rhuddlan Marsh, near St. Asaph's, mea- 
sured 24514*26. feet^ wid the computed length from 
Hounslow Heath diflfered only one foot. 
• These six bases were measured with the steel chains 

X 2 
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and corrected for the expaosioa or contraction of tke 
chains to the temperature of 62°, and reduced to the level 
of the sea ; but General Colby was not satisfied that the 
corrections for the dianges of temperature could be relied 
on ; moreover he considered that the method of bringing 
the ends of the rods or chains together was liable to intro- 
duce errors by disturbing their positions : for these reasons 
when that officer was ordered to undertake th^ survey of 
Ireland, he devised a new measuring apparatus, viz^ the 
compensation bars now in the Exhibition, which are so 
arranged that the unequal expansion of the two bars of 
brass and iron of which they are made, compensate eacb 
other between the points used in the measurements, sa 

that they remain equidistant under all 
changes of temperature^ The prin- 
ciple of compensation has long been 
known and employed in the construe^ 
tion of the pendulums el docks; and 
there is one in the French Department 
of the Exhibition on precisely the same 
arrangement as that in the compensar-v 
tion bars of Greneral Colby. 

The centre bar B is made of brass, 
and the two outer ones S of steel ^ 
these are united in T, and connected 
together at their extremities by two 
tongues moving on pivots i>,jp,jp, and 
so adjusted that the pivots at o, o, 
7^ which support the weight X, always 
remain at the same distance £rom the 
point of suspension of the pendulum. 

The oompensati(m bars consist of 

two bars of brass andiron, each 10 feet^ 

1*6 inches long, separated from each. 

other about an inch, and firmly riveted together at their 

centres. Across each [end ^of the bars there are twc^ 

fiat steel tongues, projecting 3*25 inches, moving freely 
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on pivots in the bars, and so adjtisted tfa^ th* dista&oe 
from the point P on the tongues to the centres f| |> 

of the pivots shall be in the ratio of the expand te.. n't 
fiion of the bars, whieh is nearly as 5 to 3. By 
this arrangement the bars may oontvact or 
expand; but the distance betweesn the two 
dots on the tongues P, P, remains invMiably 
at the same distance of 10 feet. 

To avoid the liabiKty to errors from disturb^ 
ance in bringing the ends of the bars together, 
€teneral Colby invented the compensation 
microscopes, which are six inches apaart, with 
a telescopic microscope in the centi^* By 
means of these microscopes the bai^ are 
brought exactly at the distance of six inches 
from each other, and the whole line is mea- 
«ured without the actual contact of the bars or 
microscopes ; and the base may be sttid to be 
an aerial line passing through the dots on the 
tongues. By means of the central microscope, 
the measured distances were transferred to 
fixed points on the ground, and so accurately 
has this been done, that in the re-measure- 
ment of several parts of the base line at Lough 
Foyle, they seldom discovered a greater error 
than a fractional part of a very minute dot 
(see account of the measurement of this base 
by Captain Yolland, R.E.). 

The measurement of that base was farther 
verified by computing one portion of it throu^ 
triangles raised on either side of another por- 
tion of it ; the difference between the measured ^ 

and computed distances seldom differed more "'[( '{j 
than one-tenth of an inch, and the computed 
distances agreed together with equal accuracy ; thus satis- 
factorily proving the perfection of the instruments em- 
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' plojed, and the accuracy with which both the angles and 
the measurements had been taken. 

The instrument for taking angles principaJly employed 
by the French is the repeating circle, examples of which 
are in the Exhibition. By this instrument the angle 
between any two objects is taken with great accuracy ; but 
the angles are not, reduced by the instrument to horizontal 
angles as they are by the theodohte, which is preferred by 
the English. The theodoUtes employed on the principal 
triangulations of England and Ireland were made by 
Bamsden, are three feet in diameter, and are probably the 
most accurate instruments that were ever made. 

The length of some of the sides of the great triangles is 
upwards of 100 miles, and many means were employed to 
render the stations visible from each other at such great 
distances. The oxyhydrogen, or Drummond's Hght, was 
employed in some instances ; but a heliostat for reflecting 
the sim*s rays in the direction of the distant observer was 
more generally and successfully employed. Lieut.-Colonel 
Porltock, R.R, who observed the station on Precelly, a 
mountain in South Wales, from the station on Kippure, a 
mountain about 10 miles south-west of Dublin, the disr- 
tance between the stations being 108 miles, says, "For 
five weeks I watched in vain, when to my joy the heliostat 
blazed out in the early beam of the rising sun, and con- 
tinued visible as a bright star the whole day." 

With the view of determining the exact size and figure 
of the earth, arcs of meridians have been measured in 
different parts of the world, in England, in France, in Peru, 
in Lapland, at the Cape of Good Hope, and in India. The 
point selected by General Mudge as the southern extre- 
mity of the arc of the meridian to be measured in Eng- 
laiid, is Dunnose, in the Isle of Wight : this was connected 
by triangulation with points at Aubury Hill, Clifton, and 
Burleigh Moor, in Yorkshire ; and he estimated that in 
latitude 52P 2' 19", the length of a degree was 60*820 
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ibtlioms ; and in 52° 34' 45", that the length of a degree 
was 60 * 823 &thoms ; and that the polar diameter of the 
earth was 7,882 miles ; and the equatorial diameter 7,935 
miles. 

The triangulation has since been extended through 
Scotland to the Shetland Islands, but the results obtained 
have not yet been made pubUc. 
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CiiAfls XXY. — Chisa, Porcelain, Eabxhenwariv &c. 

Sttitaiion of Class.— In the North Tranaept, We$tem G-alleneit 
extending Eastward from J. 33 to 36, and Northward to C, occupy- 
pymg two Galleries, 

NORTH. Positions of Groups. — The front portions of 

" — c — c — o — o the Gkilleries are devoted to Porcelain Manu- 

I I o-.f?!2!D jf D &ctureB, the Northern parts being reserved 
I I j III for Earthenware and the ordinary mannfac- 

' K ■ K S ■ 

-1^1 I J I . ^^^"^^ ^^ ^^® potter. 

g I '^ I \^\< ^^ introduction to this class properly 

I I I " 1 1 j " begins in Class L, since within that seo- 
T i 7 Y i ? tion are gathered together the raw mate- 
j ^ I — !"~"J § rials, of which the beautiful finished 
! — 1 — ^\ ! manufactures exhibited in the Grallery 

SOUTH. are formed. There are the clays of 

which the " bodies " of the wares are formed, and the 
decomposed granite which is now so extensively used to 
glaze the finest kinds of pottery (see page 41). Ampngst 
the more remarkable productions of the potter must be 
named those very popular statuettes which are formed in 
the material known as parian, statuary porcelain, &c., to 
which we would first direct attention. 

Statuary Porcelain, — (Exhibitors 1, 2, 6, 10, 11, 14, 26, 
47, 60.) — ^At all times man appears to have adopted clay 
as a material out of which to fashion likenesses of his 
feflows and of the animals inhabiting the earth. The 
earliest inhabitants of the Old and the New World have 
left us examples of rude forms thus moulded. 

In aU coimtries, and through all time, the potter has 
found a profitable source of his industry has been 
moulding likenesses of humanity. However, though this 
'--^ling to possess, in a cheap material, images, whether for 
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Qmmkeaat or superstitiozi, has alwsrys prevailed, the pro- 
duction of a material which ehould resdize the desires 
^f the artist^ in whic^ we should be enabled to re- 
produce the choicest works of the sculptor, has been 
resecved foj? our own time. 

The first idea of ioiitating marble in ceramic manu- 
&cture origioated with Mr. Thomas Battam, the artist 
directing the extensive porcelain manufactory of Mr, 
Aldarmou Copeland, at Stake-upoEb-Trent, in the com- 
mencement of 1842b After a series of expe^raments he 
succeeded in producing a very perfect imitation of marble, 
both in surface and tint. One of tW earliest specimens 
was submitted to His Qraoe the Duke^ of Sutherland, who 
expressed his unqualified admiration of the material^ an4 
his high appreciation of the purposes ta which it w«u> 
being applied, and became its first patron by purchasing 
the example submitted. This was on the 3rd of August, 
1842, a date which marks a memorable event, as the com- 
mencement of a trade now n^ot only of laige commercial 
advantage to the potteries generally, but fortunately of a 
dass that has most materially advanced the aortistic 
state of English ceramic manufacture. Some groiips of 
Graces aud Saiiyra for Kaneophoroi, and also large Carya- 
tides for ^r^plaoes^ and a variety of garden vases and 
brackets^ were also exeouted. In 1843, amongst other 
WovkB, the equestrian statuette of Emanuel Riilibert, by 
the Baron Maroqhetti, was produced ; also the Warwick 
Vase of a laf*ge s^ ; and other large vases fbr conservatory- 
purposes. It was also introduced, in conjunction with 
floured an4 gilt deooration, on ornamental pillars and 
Ta^s ; a cof^ (reduced size) of the beautiful statuette of 
the Goatherd,' by the late S. P. Wyatt, RA-, from the 
Qiarbtle in the posaespion of the I>uke of Sutherland, waft 
also executed. 

Its operations were comparatively eonfined until 1844^ 
when it was soen by Mr. Gibson, RA., when that eminent 
senlptor at coioe declaxedit to be ^the best material next 

O 
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to marble," and also expressed his desire to see one of his 
own works produced on it 

Mr. S. C. Hall's opinion was equally fnyourable with 
that of Mr. Qibson ; and thafc gentleman proflfered to sub- 
mit a specimen tp the council of the Art Union of 
London, and to urge their adoption of the material by 
oonmiissioning a number of copies of some work of 
acknowledged excellence^ to be awarded as prizes to their 
subscribers. This was done ; and Mr. Gibson having 
expressed a great interest in its progress, generously gave 
permission for a copy to be made of his marble statue of 
Narcissus in the Collection of the Boyal Academy. 

Ite production of the statuettes, vases, &c., exhibited 
in this material involves the following manipulatory de- 
tails : — ^The material is used in a hquid state, technically 
termed ''slip,'* about the consistency of thick cream. It 
is poured into the moulds forming the figure or group, 
which being made of plaster, rapidly absorbs a portion of 
the mdsture, and the coating immediately next the mould 
soon becomes of a sufficient thickness for the cast^ when 
the superfluous '*shp" is pomred back. The cast remains 
in the moulds for some time at a high temperaiture, by 
which it is (through the evaporation that has taken {(laoe) 
reduced to a state of clay, and sufficiently fam to bear its 
own weight when relieved from the moulds, /which are 
then opened, and the different portiona of the subject 
taken out. Each figure requires many mfoulds'; the head, 
arms and hands, legs, body, parts of the drapery, when 
introduced, and the other details of the subject, are gench 
rally moulded separately. In one group, representinj^ 
'The Betum from the Vintage,' consisting of seven figures^ 
there are upwards of fifty moulds, and each/ of these ift 
several divisions ; these parts being removed have then tO' 
be rex)aared, the seams caused by the juncfbions of the 
mould cleared of^ and the whole put together. This is a 
process requiring, when weU executed, the gijeabest nicety 
and judgment, the fintgile nature of the tji^benal in its 
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present state rendering oonsiderable practical knowledge 
necessary to form a perfect union of the different members, 
and also that they are so disposed as to be in strict ac- 
cordance with the original model ; for, though made from 
the same moulds, it by no means follows that all the casts 
will possess equal merit, so much depending upon the 
taste and skill of the finisher, — ^the figure-maker. Peculiar 
care is required in putting together nude figures, in which 
the junction of the parts, generally presenting a level 
circular surface, requires the decision of an educated eye 
to fix with accuracy. Surfaces that possess a marked and 
broken outHne, which will only .fit together at one parti- 
cular pointy are, of course, exempt from this difficulty. 
Want of judgment in this respect will often cause such a 
deyiation of outline, as seriously to injure the beauty of 
the work. The parts are attached together by a ^'slip,'* 
similar to that used for casting, the sur&ces to be j(»ned 
together being either dipped into it, or the ^'sHp'* is 
applied with a pencil; and according to the discretion 
with which this is executed, and the neatness with which 
the sections of the moulds are made to fit, will be the 
greater or less prominence of the seams which so often 
disfigure pottery castings. It is possible, with care, 
that these seams shall be so trif^Lng as to be scarcely 
perceptible, even upon a dose examination ; and it is only 
the want of proper precaution, that the contrary is too 
often the rule instead of the exception. The "slip " in this 
case is merejly required to soften the surface of the cUssy 
of .the members which have to be united, just suffideniiy 
to cause adhesion. All that is used beyond that require- 
xoffob is not only superfluous, but actually .detrimental ; 
moistening the part to which it is applied so much that 
the edges become pliant, and yielding to the pressure while 
being atta<^ed, distort the outline, and by causxQg unequal 
ftlij^yilciTig in the process of firing, the junctures become 
evident and uns^%. This faot cannot be too forclMy 
impressed i^j^M %>bq e]:^%ged in this branch of the art, 
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US it i& of th« gpmiiest iiS{M»tafice to tMr interests, for 
ezacUy in propoHvm to the beauty and perfection to 
which these obj«cta are pvodueed, wiH this novel and 
yahiftbto introikietiQn merit axul obtain snocess. 

The figux« or group being thus put together remains 
two or three dajB, when, being suflleiently dry, it is sup- 
ported by ^-ptufB" made of the same mat^cJ, placed in 
mch positkoft aa to bear a portion of the weight, and pre- 
vent any undue pressure that might cause the figure to 
sink or yield in the ^'firing." Each eoA of the "prop* is 
embedded in a coating of ground fdnt, to prevent adhesion^ 
and is thua easily removed. It is then jdaced in the oven^ 
and submitted to a heat of about 60° of Wedgwood^s 
pyrometer* Thia operation, which is gradually effeoled^ 
occupies fixaaa 60 to 70 hours. The fires are then with- 
dniiwn and the oven allowed to cool ; and when sufficiently 
so^ the figures are drawn out, and the seams rubbed down ; 
they aret again placed in *^ saggers " and embedded in sand, 
and then re-^red at a still higher temperature than they 
were prevtonsly submitted to. The bedding of sand is 
preferred in this part of the process to ** props,** as it more 
equally and effectually supports the figure. It couM not 
be used in the first instance when the figure is in the cby, 
as by resisting ^e contraction, it would cause it to be 
shattered to pieces ; it is even sometimes necessary to 
fire easts three times, a peculiar degree of heat being 
required to produce the extreme beauty of surfiMse whioit 
"^e finest specimens present. The total contraction of 
the figures firom the mould to the finished state is one^ 
fourth; the contraction of the ^sHp," with which the 
mould is first charged, to the state in which it leaves the 
mould, is onoHBixteenth ; again, it contracts another 8ix« 
teenth in the process of drying for the oven, and oo^ 
Mghth in the process of vitrification-Hio tiiat a model 
2 feet high will produce a fired cast of 18 inches only. 
Mr. Mmton states the contraction of their improved ooiii« 
position as being but Mttle more than one-fil&. 
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Ify xnultiplyiDg tbe bemsiiifdly and titos di£%u^ttg ft truB 
4asie for irt^ ooiudderibla improvameiit miifit be the remilt 
of the introduofeion of this mtimaL Thi» exampleB spread 
around this Glaileiy are, xziao^y of them, amgokrly beatt- 
iafalg oonRidering the difficukies which has to be overcome 
in producing one of the figures. 

The Yictoria Dessert Servioe will naturaOy attract attett- 
tion from the novel introduotion of parian with poroelain. 
The servioe is « full one, ocwwaflting of— S wine coolers, 
S at8iette$ TwrntSetf 2 oval baskets, 2 roaxtd fiowi^ basketa, 
4 triangnlar ditto, 4 jelly stands, 4 saitoellars and atands, 
SO compotiers, 4 cream tureens, and 7S dessert plates, per- 
ionted, the borders in turquoise and gold, the centres and 
compartments variously painted with l»rds, flowers, and 
&uit, Cupids, &c. The service is in white, turqumse and 
^ddy the plates and smaller portions beii^ exclusively 
porcelain, the large centre pieoei^ such as assiettes rrwmt^es, 
■flower baskets, and cream bowls, poroelain and parian conb^ 
bined. The-wine cooler, which stands in the centre, is 
exclusively parian, and is of a high order of art. Bound 
the outside it ha% in bas-relief, a bear himt represented, and 
hnnters with their dogs fonn a series of statuette groups 
round the pedestal A thread of gold runs in and out 
through the desi^ and the whc^ has a most exquisite 
^ect> the dead richness of the parian contrasting admix^ 
ably witih the bright gkze of the porc^ain pieora. On the 
top an in£Euat Bacchus is busy pressing the grapes, for the 
jttioe of which a receptacle is provided underneath. The 
amettei monUes are most gracefiil combixmtions of the two 
laaterials, and Idie top of the jelly-stands are formed by 
the group of two Cupids — (»ie strugg^g to get the sweet 
things beneath, the other holding him back with the 
energy of an outrageously good child. The minor articles 
are all enridsed with parian statuary, and the whole has ft 
xiohness of effect which it would be in vain to look for in 
services ccanposed exclusively of <uie mftteriaL It should 
be remarked that this service was not made originally to 
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royal order, but merely as a specimen for the Eshibitdon. 
Her Majesty, in passing through the Galleiy, was struck 
with its beauty, and purchased it for a thousand guineas 
for the purpose of presenting it to the Emperor of Austria. 
We believe the expense of designing, modelling, and deco- 
rating it far exceeded that of any other service ever before 
manufactured in this country ; and it must be gratifying 
to the enterprising firm that produced it, that it has been 
deemed worthy of selection by royalty, with the view of 
proving to the people of other- lands what can be effected 
by English industry and talent in a department of art to 
which only the attention of a few brief years has been 
devoted. The whole of this laboriously artistic produc- 
tion was completed within the short period of twelve 
months. 

The parian chimney-piece is a very striking production- 
It will be viewed with pleasure as a work suggestive of 
many previously unthought-of objects of utility and oma^ 
ment to which the material may be applied. 

Porcelain* — With but one or two exceptions, each 
exhibitor, from 1 to 60, has some examples of this manu- 
facture. True porcelain is of comparatively recent in- 
troduction in this coimtry ; the discovery of the vahie 
of the Cornish china-clay at the latter end of the last 
century by Mr. Cookworthy, of Plymouth, being the com- 
mencement of this manufacture. It is composed of an 
infusible china-clay and a fusible flux. The body formed 
by the kaolin, or chinarclay, alone would be found to be 
an exceedingly porous one ; but the flux, which is com- 
posed of felspar, quartz, and gypsum, is melted in the 
heat of the porcelain furnace, and completely filling aSL 
the pores of the clay, binds the whole into a firm mass. 

Microscopic examination shows that porcelain consists 
of small opaque particles, arranging themselves in linear 
directions, while the transparent flux has interfused itself 
through the whole mass. The chemical coniposition of 
it is — 
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Silica . . . £8 grains. 

Alumina . . 35 „ 

Lime ... 5 ,. 

Potash . . . 2 „ 
The glaise for English porcelain is formed from the 
china-stone of Cornwall, which is a peculiar variety of 
decomposed granite, the mean composition of it being — 

Silica . . . 73 grains. 

Alumina . . 18 „ 

Potash ... 9 „ 
The chemical utensils exhibited by Messrs. Minton is 
one of the most recent successful additions to British 
manufacture. We have hitherto been entirely dependent 
upon the manufactories on the Continent, particularly of 
Berlin, for this variety of hard porcelain. The exhibitors 
(46) have also similar examples, called by them " semi, or 
chemical porcelain." Since it is impossible to describe in 
detail the varieties of ornament introduced by our potters 
either in the way of painting or gilding, we can only select 
the greatest novelties. 

There is a pair of vases (1), the one turquoise ground, 
the other Bleu de Koi, which command much attention 
from their colossal size, their beauty of form, and the 
chaste manner in which they are ornamented la the 
jewelled style of old Sevres. They have^or-molu and 
.oxidised silver handles, manufactured by Messrs. Elking- 
ton, of Birmingham. They are amongst the largest that 
have ever been made in porcelain in this country, and 
prove that the potter's art is not only rapidly advancing 
in regard to beauty of form and ornamentation, but also 
in the command he possesses over the fragile material he 
has to operate upon. 

Many other vases by the same exhibitor, as the rope 

festoon vase, in mazarine and Sevres green, the egg-form, 

and the perforated vase, are fine examples sf this class of 

manufacture. 

The " Dove tazza," (2) in which the birds are adaptations 
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of the celebrated doves of the Capitol, is a very splendid 
work : the doves and the embossed ornaments executed 
in sohd gold chased. The wreaths of flowers on panels 
bomided by turquoise grounds . are ywy effectively in- 
troduced. The laige fitruscan vase, ornamented an blue 
imd gold foliated scrolls, supporting wreaths of flow^s*; 
the jewel vaaes-^the pair of vases, '^ Queen colour" groimd-^ 
landscapes on paaels of raised gold, chased and enriched 
with pearls — ^and the faC'SimUe of an ancient Greek votive 
vase used at the Olympic games, &om the original in the 
possessiofi of Sir Woodbine Parish'-««rd vecy excellent 
specimens of the art of the potter. 

In the productions exhibited by Wedgwood and Sons 
(6), we find much that is interesting, as representing the 
improvements made by the celebrated Wedgwood, who, by 
the effcnis of his energetic mind, within a very short period, 
advanced the art of the potter in this country from a state 
of comparative rudeness to one involving the applications 
of high art. 

The works from Coalbrooke-dale (47) also present consi- 
derable novelty ; those from Worcester (44), particularly 
the pierced or honey-comb china^ illustrate tiie peculiar 
manufacture of that locality where the po^^kin manu£ftc- 
tore was established in 1751. The Bockingham china (43)^ 
was so named in compliment to the celebrated Marquis of 
Bockingham, to whose patronage was due the introduction 
of the very fine porcelain known by his name. This, likd 
most of ike English porcelains, consists of a clay bodj^ 
through and over which the glaze is di&sed. 

In 1751, Dr. Wale established a manufactory in ^lat 
town imder the name of the " Worcester Porcelain Com- 
pany." 

The original Worcester Company principally confined 
themselves to making blue and white ware, in imitation of 
that of Nankin, and in producing copies of the Jt^anese 
pottery. 

Cookworthy, of Plymouth, the discoverer of the china- 
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day, appears to haye carried on the business of a potter, 
in Worcester, iintil 1783. 

In colour, the greatest novelty appears to be the revival 
c^ the Bose Dubarry (23), which was manufactured for the 
exhibitor by the Coalbrook-dale Company. Madame 
Dubarry having some vases executed at the Sevres works, 
the rose colour was adopted, as being the lady's favourite, 
in compliment to her. Colours of this character are usually 
produced by combinations of gold with salts of ammonia, 
to which sometimes tin and the oxide of manganese is added. 

The eggHshell china exhibited by Nos. 12 and 47, will b* 
examined with curiosity, as a very close approach to those» 
xemarkable specimens of Oriental manufacture which are 
so much valued by collectors. 

Earihenware. (Exhibitors 1, 2, 4, 6, 8, 9, 13, 20, 25, 28, 33, 
36, 37, 41.) — Common earthenware is distinguished by its 
complete opacity ; and, from its containing imdecomposed 
carbonate of lime in the burnt mass, it is ofben, in its 
unglazed state, found to efiervesce with acids. We con« 
fine the term earthenware, in this instance, to the white 
ware, employed as conmion dinner sets, &c., reserving our 
notice of the MajoHca war^ &c., until we notice the 
tessera and terra cotta, found also in the section devoted to 
mineral manu&cture. The following is given as the prao* 
tical formula for ordinary earthenware :— 

6 barrowsful of brick day ; 
4 barrowsful of blue clay ; 

2 barrowsful of cracking clay; 

8 barrowsful of the above in " sKp," tie. ground into 

mnd in water ; 
4 barrowsftd of Cornwall day r 

7 barrowsful of flint ; 

1 J barrowsful of Cornish stone. 
The earthenware is usually glazed with some saoh oom* 
position as the following : — 

Decomposed granite ... 25 parts, 
Carbonate of lime ... 3 „ 
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Flint 10 parts, 

Lithai^ 46 „ 

Borax . : 16 „ 

The ingredients are all groond together in glaze mHISy 
and the ^aae is used sometimes in a liquid state, and 
sometimes in powder. A number of these glazes will be 
found at 27, manj of which are said to be new. 

Printing an Earthenware, (Exhibitors 19, 49, 51.)— To 
Dr. Wade appears to be due the idea of printing upon 
earthenware, the transferring of printed patterns to biscuit 
ware as now usually adopted. From a mug executed by 
Dr. Wade, in the Museum of Practical Greology, decorated 
with a Portrait of Frederick the Great, the date of this 
process apx)eaTS to be 1767. 

It is a process of much interest. A printing-ink of the 
desired colour — cobalt blue, manganese black, or chro- 
mium green — ^is mixed with linseed-oil varnish, and the 
oopper-plate impression is printed with this ink upon thin 
paper in the usual manner. This print is carefiiUy placed 
on the x)orous biscuit, with the printed surfece towards the 
earthenware, and the article to which it is applied is 
dipped into water. By this the paper is softened, and can 
be brushed away, while the coloured vamish ink, which is • 
not affected by water remains as a picture upon the ware. 
The yatnish of the ink is destroyed by heat : this is called 
^hardening;** it is then'^azed, and the designs finally 
bumtin, 

Stone^hina, (Exhibitors 3, 9, 20, 36.) — Stone-china differs 
&om the " tender porcelain," as the English manufacture 
is usually termed, in being a fused body ; the alkali of the 
clays employed being, by the heat of the furnace, made to 
combine with the silica and alumina. 

Terrorcotta, Majolicarware, Encaustic Tiles, Tesseree, and 
other examples of clay manufacture, must be described 
in connection with Class XXVIL, ** Mineral Manufactures," 
these articles being unf9rtimately divided between these 
two classes. 
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- Stone-vxire, (Class XXV., Exhibitors 3, 26, 35 ; Class 
XXVn., 7, 22, 23, 107, 110, 115, 123, 125, 127, 131.)— A 
Tariety of articles in stone-ware in the latter class should 
also be inspected. 

Stone-ware is a dense and highly-vitrified material, 
impervious to the action of acids, and of peculiar strength. 
Until within the last 15 years its application was very 
limited, being used chiefly for common spirit-bottles, oil- 
jars, ink-bottles, &c. ; but, when the duty was taken off, 
and the manufacturers were relieved from the restrictions 
and surveillance under which they laboured, the improve- 
ments in the manufacture received an impulse which has 
greatly enlarged the sphere of their operations. 

The process of manufacture is as follows: — The clay 
used is foimd near the coast in Devonshire and Dorset- 
shire : it is dug in square lumps of about 40 lbs. each, and 
transported to London in the coasting vessels. When 
received by the potter they are, after being perfectly dried, 
ground to a powder, mixed with water, and, after being 
allowed sufficient time to become of uniform consistency, 
the mass is passed through pug-mills, and is then fit for 
the operation of the workmen. 

For making large vessels it is necessary to introduce 
into the composition portions of the burnt material, finely 
ground ; also some of the white sand foimd in the neigh- 
bourhood of Woolwich and Keigate. 

Almost all round vessels are formed entirely by the 
hands of the potter on wheels, turning at a rate decreasing 
in rapidity in proportion to the size of the article to be 
xnade. Vessels of other shapes are cast in plaster-of- 
paris moulds. The composition is laid in them in a soft 
^oid plastic state : the porous plaster gradually absorbs the 
0ioisture from the clay, till in a short time it is sufficiently 
firm to be removed from the mould, which is again filled, 
gome thousand articles are frequently made from one 
jaould before it is destroyed. 

When thoroughly dry the ware is placed in ovens or 
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kilos conetructed for the purpose^ and expojsed to a grar 
duaUy-increaamg heat^ so intense as to booome) 'bafom 
finishing, quite white ; salt is then throwsi in, andthemg 
decomposed, the fiimes act chemically on the surface of 
a the ware, and ftise the particles together, giving the glaze 

s so well known. Stene-ware differs &om all other kiiuk of 

f^ glazed earthenware in this important respect, that the 

glazing is the actual material itself fo&od together; in 
I other kinds of ware it is a composition in which the Teasel 

e] is dipped while in what the potters oaUL^^sctit^, orhalf- 

^ burnt state. The heat to which stone-ware is exposed is 

J} so intense^ that if a piece of iron or steel should by any 

^ accident be left in the kiln amongst the ware, it is entirdy 

p] destroyed, being oxidized, and thd oxide to a great extent 

volatilized* 
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